Detailed  Project  Report 

Beaver  Brook,  Keene,  New  Hampshire 


Supporting 


Flood  Damage  Reduction 


i: 


Ml 


r  »W  ” 


FEBRUARY  1984 


y$'rS 

\ 


•4  07  25  017 


SECURITY  cl  ASSIFIC  AT»ON  of  This  page  Ome  hn»4fdi 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO 

1  RECIPIENT'S  CAT  ALOG  HUMBER 

*  title  (ko  Submit) 

Flood  Damage  Reduction 

Beaver  Brook  Keene,  New  Hampshire; 

Supporting  Documentation 

s.  type  of  report  a  perioo  covered 

Detailed  Project  Report 

B  PERFORMING  ORG.  REPORT  NUMfCH 

T  AuTmORI.I 

U.S.  Army  Corps  of  Engineers 

New  England  Division 

».  contract  or  grant  number^; 

*  performing  organization  name  ano  address 

10.  PROGRAM  element,  project,  task 
AREA  *  PORK  UNIT  NUMBERS 

ii.  CONTROLLING  OFFICE  NAME  ANO  A00RESS 

Dept,  of  the  Army,  Corps  of  Engineers 

New  England  Division,  NEDPL-S 

424  Trapelo  Rd,  Waltham,  Mass.  02254 

12.  REPORT  DATS 

February  1984 

is.  NUMBER  OF  PAGES 

123 

l«.  MONITORING  AGENCY  NAME  A  AOORESSfff  dlltmtmnl  Irmm  CtKtrmllUlg  Olllt.) 

IS.  SECURITY  CLASS.  (.1  0,1.  rapwt> 

Unclassified 

ISa.  DECL  ASSI  P|C  ATIOn/  DOVNQR  AOING 

schedule 

l«.  DISTRIBUTION  STATEMENT  (•!  UK*  Rtptt) 


Approved  for  public  release;  Distribution  unlimited. 


IT-  01  ST  Nl  BUT  ION  STATEMENT  (mi  <*•  atMM  ailHM  t*  «|M*  M,  U  BIMWWU  *M  SwMJ 


is.  iumluintasy  notes 

2  vjttume  set  vol  1-Flood  Damage  Reduction  -  vol.2.  Flood  Damage  Reduction- 
Supporting  Documentation. 


*•.  KCr  vOMOl  fCwninw  m  if  wwwy  kr  MnA  mmmbm) 

Floods 

Flood  Control 
Floodways 

Channel  Improvement 


20.  ABSTRACT  fCwlMM  «n  r*v*N  ciAt  If  Mt— <ry  aif  MmMO  Or  MmA  wA»r) 

Report  contains  fine  appendixes 
'Section  A-  Hydrologic  Analysis 

B-  Geotechnical  and  Design  Condiderations 
C-  Economic  Analysis 

D-  Archaeological  Reconnaissance  Report 
E-  Real  Estate 


00  ijmTts  1473  iwtim  or  <  ««v  ii  it  aiWLirt 


FLOOD  DAMAGE  REDUCTION 


BEAVER  BROOK 


KEENE.  NEW  HAMPSHIRE 


SUPPORTING  DOCUMENTATION 


Accession  For 

»$tts  gra&i 

DTIC  TAB 

Unannounced 

Justificatloi 


DETAILED  PROJECT  REPORT 


By - - - T,  - 

Distr  lv-dlloa/ _ — 

~Ava  iiai>iutr_coa«ii 
lAvall  and/or 
pe 


TABLE  OF  CONTENTS 


SECTION 

PAGE  NO 

A 

Hydrologic  Analysis 

A-l 

B 

Geotechnical  and  Design  Considerations 

B-l 

C 

Economic  Analysis 

C-l 

D 

Archaeological  Reconnaissance  Report 

D-l 

E 

Real  Estate 

E-l 

BEAVER  BROOK  FLOOD  CONTROL 
KEENE,  NEW  HAMPSHIRE 
ASHUELOT  RIVER  WATERSHED 
CONNECTICUT  RIVER  BASIN 


APPENDIX  A 
HYDROLOGIC  ANALYSIS 


BY 

HYDROLOGIC  ENGINEERING  SECTION 
WATER  CONTROL  BRANCH 
ENGINEERING  DIVISION 


DEPARTMENT  OF  THE  ARMY 
NEW  ENGLAND  DIVISION  CORPS  OF  ENGINEERS 
WALTHAM,  MASSACHUSETTS 


BEAVER  BROOK  FLOOD  CONTROL 

KEENE,  NEW  HAMPSHIRE 

TABLE  OF  CONTENTS 

Subject 

Page 

INTRODUCTION 

A-l 

a.  Purpose  and  Scope 

A-l 

b.  References 

A-l 

WATERSHED  DESCRIPTION 

A- 2 

a.  General 

A-2 

b.  Main  tributaries 

A-2 

c.  Keene  Flood  Plain 

A-2 

d.  Beaver  Brook 

A-2 

e.  Existing  Flood  Control  Projects 

A- 3 

CLIMATOLOGY 

A- 3 

a.  General 

A- 3 

II  A 

b.  Temperature 

A-4 

A  A 

c.  Precipitation 

A-4 

A-4 

d.  Snowfall 

e.  Snow  Cover 

A-4 

STREAMFLOW 

A-4 

ANALYSIS  OF  FLOODS 

A-10 

a.  General 

A-10 

b.  September  1938 

A-10 
A-l  3 

A  1  O 

c.  October  1959 

d.  Other  Floods 

A-13 

FLOOD  FREQUENCIES 

A-l  3 

STANDARD  PROJECT  FLOOD 

A-l  4 

a.  General 

A- 14 
A-l  4 
A-l  4 
A-l  5 

b.  Rainfall 

c.  Unit  Hydrographs 

d.  Standard  Project  Discharges 

Paragraph 


TABLE  OF  CONTENTS  (cont.) 
Subject 


8  FLOOD  PROFILES 


Page 
A-1 5 


9 


PLANS  OF  IMPROVEMENTS 


a. 

General 

b. 

Channel  Improvement 

c. 

Three  Mile  Swamp  Storage 

(1) 

General 

(2) 

Dam  Modifications 

(3) 

Flood  Discharge  Reductions 

(4) 

Design  Flood 

(5) 

Guide  Taking  Elevation 

A-1 5 
A-1 5 
A-1 7 
A-1 7 
A-1 7 
A-1 7 
A-1 8 
A-1 8 


LIST  OF  TABLES 


Table 

Title 

£§2e 

I 

Three  Mile  Swamp  -  Pertinent  Data 

A- 3 

II 

Monthly  Temperatures  at  Keene,  NH 

A-5 

III 

Monthly  Precipitation  at  Keene,  NH 

A-6 

IV 

Mean  Monthly  Snowfall  at  Keene,  NH 

A- 7 

V 

Water  Equivalent  of  Snow  Cover, 

Ashuelot  River  Watershed 

A- 8 

VI 

Monthly  Runoff,  South  Branch 

Ashuelot  River  at  Webb,  NH 

A- 8 

VII 

Peak  Discharges,  South  Branch 

Ashuelot  River  and  Beaver  Brook 

A-9 

VIII 

September  1938  Storm  Rainfall 

A- 11 

IX 

One-Half  Hour  Unit  Hydrographs  - 
Pertinent  Data 

A-12 

X 

Standard  Project  Storm  Rainfall 

A-16 

XI 

Beaver  Brook  Three  Mile  Swamp  - 
Flood  Data 

A-18 

✓ 


LIST  OF  PLATES 


Plate 
A-l 
A- 2 
A- 3 

A- 4 

A- 5 

A- 6 

A- 7 

A- 8 
A- 9 


Title 


Ashuelot  River  Watershed  Map 

Beaver  Brook  Basin  Map  and  Profile 

Analysis  of  Floods  -  September  1938 
and  October  1959 

Analysis  of  Floods  -  SPF,  100-year 
and  10-year 

Discharge  Frequency  South  Branch 
Ashuelot  and  Beaver  Brook 

Beaver  Brook  Discharge  Frequencies  - 
Existing  and  Modified  by  Three 
Mile  Swamp  Storage 

Beaver  Brook  Plan  -  Existing  and 
Modi  fed  Profiles 

Three  Mile  Swamp  -  Plan,  Profile 
and  Capacity  Curves 

Stage  Frequency  Curves  -  Natural  and 
Modified 


BEAVER  BROOK  FLOOD  CONTROL 
KEENE,  NEW  HAMPSHIRE 

HYDROLOGIC  ANALYSIS 


1 .  INTRODUCTION 

a.  Purpose  and  Scope.  This  report  presents  hydrologic  information 
and  analysis  relative  to  flood  problems  on  Beaver  Brook  located  in  the 
Ashuelot  River  watershed  in  Keene,  New  Hampshire.  The  study  w?  'erformed 
under  authority  contained  in  Section  205  of  the  1948  Flood  Cor  jl  Act 
and  analysis  was  directed  specifically  to  flooding  on  Beaver  I  nk  in 

the  reach  approximately  1,800  feet  in  length  between  Marlboro  '>0  Water 
Streets.  Also  investigated  were  modifications  to  the  outlet  the  up¬ 
stream  "Three  Mile  Swamp"  for  purposes  of  increased  flood  con  o  storage. 
Included  are  sections  on  watershed  description,  general  climat  „.gy,  flood 
history  and  frequencies,  standard  project  flood,  flood  profiles,  and  plans 
of  improvement.  Beaver  Brook  flooding  has  been  the  subject  of  several 
past  studies.  Earlier  studies  by  the  Corps  of  Engineers  lead  to  Congres¬ 
sional  authorization  in  1968  of' "Beaver  Brook  Lake",  a  multipurpose  water 
supply  and  flood  control  dam  and  reservoir.  However,  due  to  escalating 
costs  and  lack  of  local  support  the  project  was  not  constructed.  Current 
studies  reported  herein,  dealt  with  the  hydrologic  analysis  of  selected 
small  scale  structural  improvements  for  inclusion,  if  feasible, 

in  a  primarily  nonstructural  flood  control  plan  for  the  city  of  Keene. 

The  token  improvements  analyzed  were  identified  in  a  nonstructural  flood 
damage  reduction  report  completed  in  1980  for  the  city  of  Keene. 

b.  References.  Some  earlier  reports  dealing  with  flood  problems  and 
hydrology  of  Beaver  Brook  are  as  follows: 

(1)  "Report  on  Drainage  in  the  Beaver  Brook  Area",  Dec.  1962, 
by  Camp,  Dresser  and  McKee  Engrs.  for  the  city  of  Keene. 

(2)  "Beaver  Brook  Dam  and  Reservoir,  Interim  Report  on  Review 

of  Survey",  July  1965,  Revised  December  1966,  by  New  England 
Division,  Corps  of  Engineers. 

(3)  "Channel  Improvements  for  Beaver  Brook  from  Beaver  Street 
to  Baker  Street",  Dec.  1967,  by  Camp,  Dresser  and  McKee 
Engrs.  for  city  of  Keene. 

(4)  Beaver  Brook  Lake,  Design  Memo,  No.  1  ,  "Hydrology",  March 
1972,  by  New  England  Division,  Corps  of  Engineers. 

(5)  "Beaver  Brook  Improvements  -  Harrison  Street  to  Baker  Street", 
May  1975  by  Whitman  and  Howard  Engrs.  for  city  of  Keene. 
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(6)  "Flood  Plain  Management  Study,  Keene,  New  Hampshire" 
December  1978,  by  Anderson-Nichols  Engrs.  for  New 
England  Division,  Corps  of  Engineers. 

(7)  "Keene,  New  Hampshire  -  Formulation,  Assessment  and 
Evaluation  of  Nonstructural  Flood  Damage  Reduction 
Techniques",  May  1980,  by  Resource  Analysis  Engrs.  for 
New  England  Division,  Corps  of  Engineers. 

2.  WATERSHED  DESCRIPTION 

a.  General .  The  city  of  Keene  is  at  approximately  42°  56'  north 
latitude  and  7201 6 ’  west  longitude  in  the  southwest  corner  of  the  State 

of  New  Hampshire  and  is  located  on  the  Ashuelot  River  about  27  miles  above 
its  confluence  with  the  Connecticut  River  near  Hinsdale.  The  Ashuelot 
River  drains  an  area  of  421  square  miles  and  the  watershed  (shown  on  plate 
1)  is  generally  hilly  with  low  mountains  in  the  headwaters. 

b.  Main  tributaries.  The  two  main  tributaries  of  the  Ashuelot  River 

are  the  Branch  and  the  South  Branch.  The  Branch,  entering  the  Ashuelot 
just  below  Keene,  New  Hampshire,  about  26.5  miles  upstream  from  the  mouth, 
is  formed  by  the  confluence  of  Minnewawa  and  Otter  Brooks.  The  South 

Branch  joins  the  Ashuelot  just  above  Swanzey  Station,  or  about  23.5  miles 

upstream  from  the  mouth. 

c.  Keene  flood  plain.  The  reach  of  the  Ashuelot  River  between  the 

Faulkner  and  Colony  Company  Dam  in  Keene  and  the  Dickinson  Dam  in 

West  Swanzey  is  referred  to  as  the  Keene  flood  plain.  This  reach  is  the 

principal  flood  damage  area  in  the  Ashuelot  basin.  The  meandering  river 
channel  in  the  flood  plain  has  low  discharge  capacity  due  to  its  small 
cross  sectional  area  and  flat  gradient,  with  the  result  that  floodwaters 
cause  considerable  depth  of  pondage.  About  75  percent  of  the  Ashuelot 
River  drainage  area  empties  into  this  reach  of  the  river. 

d.  Beaver  Brook.  Beaver  Brook,  with  a  drainage  area  of  about  10 
square  miles,  flows  southward  through  the  city  of  Keene,  joining  the  Branch 
near  its  mouth  in  the  Keene  flood  plain.  The  watershed  is  rectangular  in 
shape  with  a  length  of  about  7  miles  and  a  width  of  about  1.5  miles.  It 
has  basically  a  single  stream  pattern  with  short  side  tributaries  and 
steep  slopes.  Although  Beaver  Brook  has  a  total  fall  of  over  700  feet 

in  about  8  miles  of  length,  the  lower  2  miles  in  the  city  of  Keene  and 
that  portion  in  the  vicinity  of  the  "Three  Mile  Swamp"  are  relatively 
flat  as  indicated  by  the  profile  shown  on  plate  2.  The  Beaver  Brook  water¬ 
shed  is  hdyrologically  flashy  due  to  the  mountainous  headwater  terrain. 

A  multipurpose  water  supply  and  flood  control  reservoir,  "Beaver  Brook 
Lake",  was  authorized  for  construction  by  the  Flood  Control  Act  of  13  August 
1968.  However,  due  to  escalating  cost  and  lack  of  local  support  the  project 
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was  not  constructed.  "Three  Mile  Swamp",  a  natural  swamp  partially  con 
trolled  by  a  low  rock  dam,  is  located  within  the  oriainallv  authorized 
reservoir  area.  Pertinent  data  on  the  Three  Mile  Swamp  is  listed  in 
Table  I. 


TABLE  I 

THREE  MILE  SWAMP 
PERTINENT  DATA" 


Drainage  Area  (square  miles)  6.0 

Dam  Elevation  Approximate  (feet  N6VD)  790 

Outlet  Elevation  Approximate  (feet  N6VD)  787 

Dam  Height  Approximate  (feet)  5 

Dam  Length  (feet)  220 

Swamp  Area  Approximate  (acres)  70 


e.  Existing  Flood  Control  Projects.  Surry  Mountain  and  Otter  Brook 
Lakes  are  two  Corps  of  Engineers  flood  control  projects  located  in  the 
Ashuelot  River  watershed. 

Surry  Mountain  Dam,  completed  in  1942,  is  located  in  the  town  of 
Surry  on  the  Ashuelot  River  about  6  miles  upstream  of  the  Faulkner  and 
Colony  Dams.  It  controls  a  drainage  area  of  100  square  miles,  with  the 
reservoir  containing  a  flood  control  storage  equivalent  to  5.9  inches  of 
runoff. 

Otter  Brook  Dam,  completed  in  1958,  is  in  the  city  of  Keene  on  Otter 
Brook  about  5  miles  upstream  of  the  confluence  of  the  Branch  and  the 
Ashuelot  River.  It  controls  a  drainage  area  of  47  square  miles  and  has 
storage  equivalent  to  7.0  inches  of  runoff. 

3.  CLIMATOLOGY 

a.  General .  The  Beaver  Brook  watershed  has  a  variable  climate 
characterized  by  frequent  but  generally  short  periods  of  heavy  pre¬ 
cipitation.  Some  intense  rainfalls  are  produced  by  local  thunderstorms 
and  others  by  larger  weather  systems  of  tropical  or  extratropical  origin 
moving  up  the  eastern  coast.  The  watershed  also  lies  in  the  path  of 
prevailing  westerlies  which  traverse  the  country  in  an  easterly  or 
northeasterly  direction  producing  frequent  weather  changes.  Winters 
are  moderately  severe,  with  subzero  temperatures  rather  common.  Spring 
melting  of  the  winter  snow  cover  generally  occurs  in  late  March  or  April. 


b.  Temperatures.  The  mean  annual  temperature  at  Keene,  New  Hampshire 
is  approximately  46°  Fahrenheit,  with  the  average  monthly  temperatures 
varying  from  about  70°  in  July  to  near  20°  in  January.  Extremes  in 
temperature  range  from  highs  slightly  in  excess  of  100OF  to  lows  in  the 
-30  degrees.  Table  II  summarizes  mean,  maximum  and  minimum  monthly 
temperatures  recorded  at  Keene,  New  Hampshire  for  94  years  of  record 
through  1980. 

c.  Precipitation.  The  mean  annual  precipitation  at  Keene  is  38.9 
inches,  with  the  greatest  annual  precipitation  of  52.7  inches  recorded 
in  1975  and  the  least  was  27.1  inches  recorded  in  1894.  Table  III 
summarizes  the  precipitation  at  Keene  for  an  89  year  period  through  1980. 

d.  Snowfall .  The  mean  annual  snowfall  at  Keene  is  about  64  inches. 
Table  IV  lists  mean  monthly  values,  based  on  88  years  of  record  through 
1980. 


e.  Snow  Cover.  Snow  surveys  have  been  taken  in  the  Ashuelot  River 
watershed  since  December  1948.  These  surveys  indicate  that  the  water 
equivalent  of  the  snow  cover  reaches  its  average  maximum  of  4.7  inches 
about  mid-March.  Some  mean,  maximum  and  minimum  water  equivalents  of  snow 
cover  in  the  Ashuelot  basin  for  the  later  winter  months  are  listed  in 
table  V. 

4.  STREAMFL0W 

The  US  Geological  Survey  has  published  records  of  streamflows  at 
5  locations  in  the  Ashuelot  River  watershed;  however,  there  are  no  gaging 
stations  on  Beaver  Brook.  The  two  nearest  gages  recording  runoff  from 
uncontrolled  areas  are  the  South  Branch  Ashuelot  River  at  Webb,  New 
Hampshire  (D.A.  36  square  miles)  and  the  Ashuelot  River  near  Gilsum,  New 
Hampshire  (D.A.  71.1  square  miles).  After  analyzing  the  physical  charac¬ 
ter!'  cs  of  the  drainage  areas  above  these  two  gages,  it  was  determined 
that  the  runoff  character  of  the  South  Branch  Ashuelot  was  probably  most 
similar  to  that  of  Beaver  Brook.  Mean,  maximum  and  minimum  runoff  values 
in  cfs  and  inches  for  58  years  of  record  at  South  Branch  are  listed 
in  table  VI.  The  mean  annual  runoff  is  about  58  percent  of  the  mean  annual 
precipitation. 

Peak  flows  for  each  water  year  of  record,  on  the  South  Branch  and 
estimate  peak  flows  experienced  on  Beaver  Brook  are  listed  in  table  VII. 
Flows  on  Beaver  Brook  were  estimated  from  high  watermark  information  and 
developed  stage  discharge  relations.  Peak  flow  rates  were  also  compared 
with  rainfall -runoff  computations  and  recorded  runoff  rates  from  other 
watersheds  in  the  region. 
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TABLE  II 

MONTHLY  TEMPERATURES 
KEENE,  NEW  HAMPSHIRE 
(94  Years  of  Record  Through  1980) 


Month 

Mean 

Maximum 

FfT) 

T*f7T 

January 

21.3 

66 

February 

22.5 

65 

March 

32.9 

85 

April 

44.6 

91 

May 

56.0 

95 

June 

64.7 

98 

July 

69.5 

104 

August 

67.3 

102 

September 

60.0 

101 

October 

49.3 

90 

November 

37.7 

80 

December 

25.5 

64 

Minimum 
(OF.  J 

-32 

-21 

-21 

1 

21 

27 

34 

27 

19 

10 

-15 

-29 


Annual 


45.9 


104 


-32 


TABLE  III 


MONTHLY  PRECIPITATION 

KEERE.  nehhampshTrT" 

(89  Years  of  Record  Through  1980) 


Month 

Mean 

(inches) 

January 

2.96 

February 

2.62 

March 

3.20 

April 

3.15 

May 

3.35 

June 

3.46 

July 

3.72 

August 

3.62 

September 

3.53 

October 

2.84 

November 

3.33 

December 

3.16 

Annual 

38.9 

Maximum 

Minimum 

(inches) 

(inches) 

9.24 

0.76 

7.02 

0.57 

7.60 

0.40 

6.65 

0.35 

7.02 

0.79 

7.73 

0.41 

11.09 

1,07 

8.96 

1,05 

10.39 

0.20 

7.84 

0.23 

7.67 

0,52 

8.86 

0.51 

52.7 

27.1 

TABLE  IV 


MEAN  MONTHLY  SNOWFALL 
ME.  new  hAmPShIMT 
(88  Years  of  Record  Through  1980) 


Month 

Snowfall 

(inches) 

January 

16.4 

February 

16.3 

March 

11.4 

April 

3.2 

May 

0 

June 

0 

July 

0 

August 

0 

September 

0 

October 

.1 

November 

3.7 

December 

13.2 

Annual 

64.3 
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TABLE  V 

WATER  EQUIVALENT  OF  SNOW  COVER 
ASHUELOT  RIVER  WATERSHED 
(December  1948-April  1961) 


Date 

Minimum 

Mean 

Maxi mum 

1 

February 

0.1 

2.9 

7.7 

15 

February 

0.0 

3.6 

8.5 

1 

March 

0.0 

4.3 

9.6 

15 

March 

0.0 

4.7 

9.4 

1 

April 

0.0 

3.3 

8.9 

15 

April 

0.0 

1.2 

6.5 

TABLE 

VI 

MONTHLY 

RUNOFF 

SOUTH  BRAWCH "ASHUELOT  RIVER 

At  WEBB,  NEW  HAMPSHIRE 

(D.A.  =  36  sc 

luare  miles} 

(58  Years  hecora  Through  1978) 


Average 

Maximum 

Minimum 

Month 

CFS 

Inches 

CFS 

Inches 

CFS 

Inches 

January 

56.6 

1.81 

161 

5.16 

6.4 

0.20 

February 

49.8 

1.45 

153 

4.60 

9.3 

0.27 

March 

112 

3.58 

366 

11.73 

23.1 

0.74 

Apri  1 

174 

5.39 

356 

11.05 

64.4 

1.99 

May 

81.1 

2.60 

186 

5.97 

26.6 

0.85 

June 

44.1 

1.37 

151 

4.69 

7.0 

0.22 

July 

23.0 

0.73 

102 

3.25 

3.0 

0.09 

August 

17.0 

0.54 

131 

4.21 

2.7 

0.09 

September 

22.1 

0.69 

252 

7.81 

2.6 

0.08 

October 

25.9 

0.83 

133 

4.26 

2.9 

0.09 

November 

52.4 

1.62 

244 

7.55 

3.7 

0.11 

December 

59.9 

1.92 

178 

5.70 

9.5 

0.30 

Annual 

59.7 

22.5 

105 

39.9 

17.3 

6.5 
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TABLE  VII 

ANNUAL  PEAK  DISCHARGES 


Water 

Year 


1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

Mean  log 
Standard 


South  Branch  Ashuelot 


at  Webb.  N.H. 
(D.A.  *  36.0  sq.  mi . J 


Beaver  Brook 


Keene,  N.H. 
(D.A.  «  9.0  sq.  mi.) 


1560  cfs 
1160 
1400 
1220 

1680 

630 

575 

3560 

1010 

535 

660 

1150 

879 

1300 

619 

3880 

628 

5960 

580 

1910 

370 

1780 

476 

1470 

725 

1020 

485 

1070 

660 

615 

2010 

822 

875 

806 

511 

1700 

475 

766 

2070 

4350 

445 

878 

•758 

552 

325 

828 

750 

1260 

1030 

983 

545 

681 

1210 

2520 

1870 

1110 

2010 

1900 

•  3.0077 

Deviation  •  0.2732 
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900  (March  36) 
2000  (Sept  38) 


500  (Nov  50) 


1100  (Oct  59) (600  (Apr  60) 


900  (OK  73) 
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5.  ANALYSIS  OF  FLOODS 


a.  General .  Flooding  on  Beaver  Brook  has  been  a  recurring  problem 
since  the  earliest  times.  Some  of  the  more  damaging  floods  in  this 
century  occurred  in  November  1927,  April  1934,  March  1936,  September  1938, 
November  1950,  October  1959,  April  1960  and  December  1973.  The  greatest 
flood  occurred  in  September  1938  and  this  event  together  with  the 

lesser  flood  of  October  1959  was  analyzed  in  developing  rainfall -runoff 
relationships  for  the  stream. 

From  previous  studies  it  was  determined  that  the  lower  portion  of 
Beaver  Brook  is  in  the  flood  plain  of  the  Ashuelot  River.  This  flood 
plain  is  a  large  storage  reach  with  its  outlet  at  the  dam  on  the  Ashuelot 
River  in  West  Swanzey.  With  moderate  floods,  Beaver  Brook  stages  are  a 
function  of  the  discharge  on  Beaver  Brook.  With  greater  floods  the  Keene 
flood  plain  storage  increasingly  fills,  eventually  causing  a  backwater 
effect  on  the  lower  end  of  Beaver  Brook.  The  stages  on  Beaver  Brook  lower 
reach  then  become  a  function  of  both  the  flow  in  the  brook  and  the  co¬ 
incident  level  of  the  flood  plain. 

b.  September  1938.  This  flood- producing  storm  was  the  result  of  a 
stationary  cold  front  along  the  Atlantic  coast  overrun  by  a  rapidly  moving 
tropical  hurricane,  producing  record  breaking  rainfall  over  large  areas 

of  Connecticut,  Massachusetts,  and  New  Hampshire.  The  storm  which  started 
with  light  rain,  gradually  Increased  in  intensity  over  the  4-day  period 
(17-21  September).  The  total  rainfall  was  over  10  inches  in  the  Keene 
area  with  a  resulting  runoff  in  the  area  of  about  6  inches.  Three  hour 
rainfall  amounts  in  the  Keene  area  and  runoff  amoungs  as  determined  by 
analysis  of  the  South  Branch  are  listed  in  table  VIII.  The  peak  discharge 
at  the  South  Branch  gage  during  this  flood  was  the  maximum  recorded  to  date. 
The  peak  discharge  on  the  South  Branch  (D.A.  *  36  square  miles)  was 
5,960  cfs.  The  1938  flow  on  Beaver  Brook  (D.A.  *  10  square  miles)  was 
estimated  to  have  been  about  2,000  cfs. 

The  1938  flood  on  Beaver  Brook  was  modeled  using  the  Hydrologic 
Computer  Program  HEC-1 .  One-half  hour  unit  graphs  were  developed  for 
the  Three  Mile  Swamp  watershed  (6.0  square  miles)  and  the  Intervening 
local  area  (3.0  square  miles)  to  Marlboro  Street.  Unit  graph  charac¬ 
teristics  were  determined  using  adopted  Snyder's  coefficients.  Pertinent 
characteristics  of  the  adopted  one-half  hour  unit  graphs  are  listed 
In  table  IX.  The  computer  model  was  tested  by  applying  1938  excess 
rainfall  and  determining  the  degree  to  which  the  experienced  peak  flows 
could  be  reproduced.  Once  calibrated,  the  model  was  used  to  compute 
a  range  of  storm  runoff  hydrographs.  Analyses  of  the  1938  and  100- 
year  synthetic  flood  are  graphically  illustrated  on  plates  3  and  4. 
Storage-discharge  characteristics  of  Three  Mile  Swamp  were  determined 
from  photogrammetrlc  mapping  and  surveys  of  the  outlet  structure. 

The  swamp  outlet  Is  presently  a  220- foot  long  stone  weir  with  a  crest 
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TABLE  VIII 


SEPTEMBER  1938  STORM  RAINFALL* 


Time 

Rainfall 

Loss 

Excess 

(day) 

(hrs) 

(inches) 

(inches) 

(inches) 

19  Sept 

3 

0.50 

0.50 

0 

19  Sept 

6 

0.90 

0.30 

0.60 

19  Sept 

9 

0.30 

0.30 

0 

19  Sept 

12M 

0.0 

0 

0 

20  Sept 

3 

0.55 

0.55 

0 

20  Sept 

6 

0.40 

0.40 

0 

20  Sept 

9 

0.25 

0.25 

0 

20  Sept 

12N 

0.75 

0.40 

0.35 

20  Sept 

3 

0 

0 

0 

20  Sept 

6 

0 

0 

0 

20  Sept 

9 

0 

0 

0 

20  Sept 

12M 

1.00 

0.30 

0.70 

21  Sept 

3 

1.70 

0.40 

1.30 

21  Sept 

6 

1.90 

0.40 

1.50 

21  Sept 

9 

1.30 

0.40 

0.90 

21  Sept 

12N 

0 

0 

0 

21  Sept 

3 

1.40 

0.40 

1.00 

Total 

10.95 

4.60 

6.35 

*From  "Analysis  of  Design  for  West  Peterborough  Dam",  November  1947, 
Plate  No.  IV-11. 
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ONE-HALF  HOUR  UNIT  HYDROGRAPHS 
PERTINENT  DATA 
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elevation  of  approximately  790  feet  NGVD.  This  long  weir  results  in 
large  incremental  increased  in  outflow  with  relatively  small  incremental 
increases  in  surcharge  storage,  thereby  minimizing  any  flood  modifying 
potential  of  Three  Mile  Swamp. 

c.  October  1959.  This  flood  was  the  result  of  about  4  inches  of  rain 
in  24  hours",  with  1.5  inches  occurring  in  one  hour  in  the  Keene  area, 

and  producing  high  rates  of  runoff  particularly  on  smaller  tributary 
streams  such  as  Beaver  Brook. 

Both  the  experienced  October  1959  flood  and  the  10-year  frequency 
storm  runoff  were  analyzed  using  the  HEC-1  computer  model  with  adopted 
rainfall  runoff  relationships.  Pertinent  data  of  the  adopted  one-half 
hour  unit  graphs  are  listed  in  table  IX.  The  October  1959  and  10-year 
synthetic  floods  are  graphically  illustrated  on  plates  3  and  4. 

d.  Other  Floods.  The  November  1927  event  resulted  from  4  to  6 
inches  of  rainfall  on  ground  saturated  from  excessive  rains  during  the 
previous  month.  The  April  1934  flood  was  produced  by  a  combination 

of  heavy  rains  and  considerable  snowmelt.  The  March  1936  event  resulted 
from  two  major  rainstorms  totaling  6  Inches,  combined  with  heavy  snowmelt, 
causing  two  major  rises  in  river  stages  about  six  days  apart.  The 
November  1950  flood  resulted  from  3  to  4  inches  of  intense  rainfall  on 
previously  wet  ground.  The  April  1960  event  occurred  when  3  to  4 
inches  of  rain  fell  on  snow  with  a  high  water  content.  The  December 
1973  flood  was  the  result  of  over  3  inches  of  rainfall  on  snow  covered 
ground. 

6.  FLOOD  FREQUENCIES 

Peak  discharge  frequencies  for  ungaged  Beaver  Brook  were  developed 
utilizing  the  58-years  of  South  Branch  flow  records  and  computed  Beaver 
Brook  flows  for  selected  floods.  Flows  on  Beaver  Brook  were  based  on 
high  watermark  information  and  developed  stage-discharge  relations  plus 
recorded  runoff  rates  from  other  watersheds  in  the  region.  Annual  peak 
discharges  for  the  58-year  period  of  record  on  the  South  Branch  plus 
selected  Beaver  Brook  flood  discharges  are  listed  in  table  VII.  Three 
different  procedural  approaches,  or  steps,  were  taken  in  developing  the 
adopted  frequency  curve  for  Beaver  Brook.  A  frequency  curve  was  first 
computed  for  the  South  Branch  and  transferred  to  Beaver  Brook  using  a 
transfer  factor  equal  to  the  ratio  of  drainage  areas  to  the  0.7  power. 

The  curve  for  the  South  Branch  was  computed  using  a  Log  Pearson  Type 
III  statistical  analysis  with  "expected  probability"  adjustment.  The 
computed  frequency  curve  for  the  South  Branch,  with  a  drainage  are  of 
36  square  miles,  had  a  mean  log  of  3.008,  a  standard  deviation  of  0.2732 
and  an  adopted  skew  of  0.7.  The  curve  transferred  to  Beaver  Brook  (D.A.  = 
9.0  square  miles)  had  the  same  standard  deviation  and  skew  with  an  adjusted 
mean  log  of  2.588. 
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a. 


Secondly,  the  limited  number  of  flood  discharges  for  Beaver  Brook 
were  assigned  Wei  bull  plotting  positions  based  on  their  relative  magnitude 
and  positioning  in  the  58-year  historical  South  Branch  record.  These 
plotted  points  were  then  compared  with  the  transferred  curve  for  reasonable¬ 
ness  of  fit.  There  was  reasonably  good  agreement  between  the  plotted 
data  and  computed  curve. 

Lastly,  as  a  further  comparative  analysis,  the  100-year  and  10-year 
storm  rainfall  excess  as  determined  from  US  Weather  Bureau  Technical 
Paper  No.  40,  was  applied  to  the  developed  HEC-1  computer  model  and  the 
resulting  Beaver  Brook  discharges  were  checked  for  relative  agreement 
with  the  adopted  frequency  curve.  Again  there  was  reasonably  good 
agreement.  The  developed  frequency  curves  and  plotted  data  are  shown 
on  plate  5. 

7.  STANDARD  PROJECT  FLOOD 

a.  General .  The  Standard  Project  Flood  (SPF)  represents  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combination  of 
meteorologic  and  hydrologic  conditions  that  are  considered  reasonably 
characteristic  of  the  region,  excluding  extremely  rare  combinations. 

The  SPF  represents  a  "Standard"  against  which  the  flood  potential  of 

a  river  can  be  judged,  as  contrasted  to  an  analysis  of  flood  records 
which  may  be  misleading  due  to  abnormal  sequences  of  events  during  the 
period  of  record.  The  SPF  for  Beaver  Brook  was  developed  by  applying 
standard  project  rainfall  to  adopted  subbasin  unit  hydrographs  and 
combining  and  routing  the  resulting  component  hydrographs. 

b.  Rainfall .  Standard  project  storm  rainfall  was  determined  in 
accordance  with  Civil  Engineer  Bulletin  52-8  and  EM  1110-2-1411.  The 
24-hour  index  rainfall  for  the  9  square  mile  Beaver  Brook  watershed 
was  10.4  inches.  Losses  were  assumed  to  be  .15  inch  per  2  hours, 
resulting  in  a  24-hour  rainfall  excess  of  8.7  inches.  Two  hour  rainfall 
values  are  listed  in  table  X.  Rainfall  rate  was  assumed  uniform  within 
each  2  hour  interval. 

c.  Unit  Hydrographs.  The  watershed  was  divided  into  two  subbasins, 
the  area  above  Three  Mile  Swamp  and  the  remaining  downstream  local. 

Unit  hydrographs  for  the  two  subbasins  were  "peaked"  25  percent  to  reflect 
the  more  rapid  runoff  rates  expected  under  standard  project  storm  conditions. 
Pertinent  data  on  the  adopted  SPF  unit  graphs  are  listed  In  table  IX. 

d.  Standard  Project  Discharges.  Rainfall  excess  was  applied  to  the 
unit  hydrographs  and  the  SPF  hydi^ographs  computed  using  the  HEC-1  computer 
model.  The  resulting  hydrograph  for  the  area  above  Three  Mile  Swamp 

was  routed  through  the  swamp  by  "modified  puls"  and  the  computed  outflow 
was  combined  with  the  downstream  local  to  produce  the  total  SPF  for  Beaver 
Brook. 


Development  of  the  SPF  for  the  Beaver  Brook  watershed  is  graphically 
illustrated  on  plate  4. 

8.  FLOOD  PROFILES 

Flood  profiles  and  stage-discharge  relationships  for  Beaver  Brook 
were  computed  utilizing  the  backwater  computer  program,  HEC-2,  and  con¬ 
ventional  hydraulic  formulae-  Backwater  computations  were  made  using 
cross  sectional  surveys  developed  by  Anderson  Nichols  Company  during  the 
"Keene  Flood  Plain  Management  Study".  Analysis  extended  from  downstream 
of  Marlboro  Street  to  upstream  of  Harrison  Street.  Backwater  computations 
were  made  for  both  natural  and  modified  conditions  using  a  Manning's 
"n"  of  0.032  for  the  channel  and  ranging  from  .045  to  .06  for  overbank  flow 
areas.  Assumed  contraction  and  expansion  loss  coefficients  were,  respecti vely, 
0.3  and  0.5.  A  starting  stage-discharge  relationship  was  developed 
downstream  of  Marlboro  Street  using  backwater  data  developed  in  the 
earlier  "Keene  Flood  Plain  Management  Study".  Computed  natural  and 
modified  profiles  plus  established  December  1973  high  water  elevations 
are  shown  on  plate  7. 

9.  PLANS  OF  IMPROVEMENT 

a.  General .  Hydrologic  analyses  were  made  of  two  structural  plans 
of  improvement  for  flood  damage  reduction  on  Beaver  Brook.  One  plan 
increased  channel  capacity  by  improving  the  brook  channel  and  the 
second  reduced  floodflows  by  increasing  upstream  flood  storage.  Neither 
plan  provided  standard  project  flood  protection  but  were  geared  more 

to  providing  some  flood  reduction  at  least  for  the  more  frequent  flood 
events.  Any  such  structural  plans  of  improvement  would  be 

considered  only  as  one  component  in  a  comprehensive  flood  control  plan 
including  nonstructural  flood  plain  zoning  and  flood  insurance.  Analyses 
were  performed  to  determine  the  potential  magnitude  and  frequency  of 
flood  level  reductions  for  use  in  determining  project  feasibility. 

b.  Channel  Improvements.  Channel  improvements  were  investigated 
for  the  damage  reach  extending  from  Marlboro  to  Water  Streets,  a  total 
distance  of  approximately  1,800  feet.  Both  an  8-foot  deep  by  20-foot 
wide  rectangular  channel  (160  square  feet)  and  an  equivalent  trapezoidal 
channel  were  investigated.  The  improvements  would  be  quite  comparable 
hydraulically,  to  an  improved  channel  section  already  built  at  one 
location  in  the  reach  by  the  Kingsbury  Tool  Company.  Past  improvements 
to  Beaver  Brook  were  generally  designed  for  a  flow  of  about  600  cfs. 

The  improvement  would  provide  some  stage  reduction  for  floods  in  the  10 
to  20  year  frequency  range  but  would  provide  negligible  reduction  for 
the  larger  but  rarer  floods.  As  stated  previously, the  lower  reach  of 
Beaver  Brook  is  affected  by  backwater  from  the  As hue lot  "Keene  flood 
plain";  also  the  gradient  of  the  brook  in  this  reach  is  extremely  flat. 
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TABLE  X 


STANDARD  PROJECT  STORM  RAINFALL 


Time 

(hours) 

Rai nfal 1 
(inches) 

Loss 

(inches) 

Excess 

(inches) 

2 

.1 

.1 

0 

4 

.2 

.15 

.05 

6 

,3 

.15 

.15 

8 

.4 

.15 

.25 

10 

1.5 

.15 

1.35 

12 

5.4 

.15 

5.25 

14 

.9 

.15 

.75 

16 

.6 

.15 

.45 

18 

.4 

.15 

.25 

20 

.3 

.15 

.15 

22 

.2 

.15 

.05 

24 

.1 

.10 

0 

Total 

10.4 

1.70 

8.70 

These  two  features  limit  the  extent  of  flood  reduction  possibilities 
via  channel  improvements.  Also,  any  type  of  channel  improvement  in 
this  lower  reach  would  have  to  be  continually  maintained  free  of  debris 
and  sediment  build-up  in  order  to  remain  effective. 

Natural  and  modified  stage  frequency  curves  in  the  reach  were 
determined  by  performing  backwater  computations  for  a  range  of  flows. 

The  resulting  curves  are  shown  on  plate  9. 

c.  Three  Mile  Swamp  Storage. 

(1)  General.  Three  Mile  Swamp  is  a  natural  retention  wetland 
located  about  4.5  miles  upstream  on  Beaver  Brook.  An  analysis  was  made 
of  the  outlet  structure  of  this  swamp  with  respect  to  increasing  the 
flood  storage  effectiveness  of  this  swamp.  Such  improvements  would  not, 
or  should  not,  be  viewed  as  a  flood  control  dam  and  reservoir  but  simply 
structural  modifications  to  increase  the  effectiveness  of  the  natural 
flood  retention  area. 

(2)  Dam  Modifications.  The  existing  swamp  outlet  structure 
is  an  old  stone  masonry  dam  with  a  220- foot  long  stone  weir  at  approx¬ 
imately  elevation  790  feet  NGVD.  This  weir  results  in  large  incremental 
increases  in  outflow  with  relatively  small  increases  in  surcharge  storage, 
thereby  minimizing  the  flood  modifying  potential  of  the  Three  Mile  Swamp. 

The  alternate  weir  investigated  would  consist  of  a  stepped  weir,  thus 
varying  delta  storage  versus  delta  flow,  i.e.,  "time  of  storage", 
with  changing  magnitude  of  flow.  The  alternate  outlet  would  be  a  self¬ 
regulating  structure  with  an  8-foot  width  at  elevation  787,  50  feet 
at  elevation  792,  and  200  feet  at  elevation  794  feet  NGVD.  Discharge 
rating  for  the  weir  was  computed  using  a  weir  coefficient  of  3.0. 

Storage  capacity  of  the  swamp  was  computed  by  planimetering  available 
2  foot  contour  maps,  assuming  a  horizontal  swamp  profile.  Plan  and 
profile  of  the  swamp,  in  the  area  of  the  outlet  structure,  and  outlet 
rating  curves  (existing  and  modified)  and  area-capacity  curves  of  the 
swamp  are  shown  on  plate  8. 

(3)  Flood  Discharge  Reductions.  The  HEC-1  computer  model , 
previously  developed,  was  used  to  route  a  range  of  floods  through  Three 
Mile  Swamp  using  the  developed  storage  data  and  the  revised  outlet 
rating  for  the  swamp. 

Plate  3  graphically  illustrates  the  modifying  effects  of  the 
alternate  outlet  structure  on  the  September  1938  and  October  1959 
floods,  while  plate  4  illustrates  the  SPF,  100-  and  10-year  flood 
analysis.  Plate  6  shows  the  comparative  natural  and  modified  dis¬ 
charge  frequency  curves.  The  modified  curve  was  determined  by  analyzing 


the  above  floods  for  both  natural  and  modified  conditions  and  drawing 
a  representative  modified  frequency  curve, 

(4)  Design  Flood.  The  modified  Three  Mile  Swamp  outlet 
would  in  effect  be  a  relatively  low  (generally  less  than  10  feet  in 
height)  run-of-river  type  overflow  dam.  Therefore,  due  to  the  relatively 
low  height,  the  standard  project  flood  was  adopted  as  the  spillway 
design  flood  and  the  structure  would  be  designed  to  safely  pass  the 
SPF  discharge  of  4,300  cfs  with  a  minimum  of  2  feet  of  freeboard.  A  low 
dike  would  be  required  on  the  east  side  of  Route  10  to  prevent  ponding 
on  that  highway  during  flood  storage  periods.  Top  elevation  of  the 
dike  would  be  799  feet  NGVD  providing  2  feet  of  freeboard  above  the  SPF 
level  of  797  feet  NGVD.  Local  drainage  west  of  the  dike  would  dis¬ 
charge  to  Beaver  Brook  downstream  of  the  dam  structure.  A  listing  of 
computed  inflows,  outflows,  and  storages  in  the  swamp  are  presented  in 
table  XI. 


(5)  Guide  Taking  Elevation.  Since  the  modified  outlet 
structure  would  cause  an  increase  in  the  magnitude  and  frequency  of 
flooding  in  the  swamp,  land  taking  or  easements  would  be  required.  The 
recommended  guide  taking  elevation  for  land  taking  has  been  set  at 
elevation  797,  standard  project  flood  level,  encompassing  approximately 
120  .acres  of  land.  A  plan  and  profile  of  the  Three  Mile  Swamp  area, 
including  flood  levels,  are  shown  on  plate  8^ 


TABLE  XI 
BEAVER  BROOK 

THREE  MILE  SWAMP  FU)0D  DATA 


Flood 

Natural 

Modified 

Outflow 

(cfs) 

Stage 
(ft  NGVD) 

Outflow 

(cfs) 

Stage 

(ftlGVD) 

Storaqi 

(inches(R 

Sept  1938 

1340 

791 

1230 

795 

1,0 

Oct  1959 

720 

790.6 

410 

793.1 

.6 

10  Year 

680 

790.6 

370 

792.9 

.5 

100  Year 

1730 

791  .3 

1170 

794.9 

1.0 

SPF 

4300 

792.7 

3800 

797.0 

1,6 
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A.  PERTINENT  DATA 


B.  INTRODUCTION 


7.  Location  and  Description  of  Project 

The  Beaver  Brook  Flood  Damage  Reduction  Project  In  the  City  of  Keene, 
N.H.  is  located  on  Beaver  Brook,  a  tributary  of  the  Ashuelot  River  which 
in  turn  is  a  tributary  of  the  Connecticut  River.  The  flood  control 
project  consists  of  an  upstream  concrete  gravity  dam  with  adjacent 
earthfill  dikes  along  the  Route  10  highway  located  about  2.6  miles  above 
the  center  of  the  city.  In  addition,  a  channel  Improvement  consists  of 
the  widening  of  about  1750  feet  of  the  existing  channel  between  Marlboro 
and  Hater  Streets  in  the  center  of  the  city.  The  locations,  arrangements, 
and  pertinent  details  of  the  structures  are  shown  on  Plates  4  through  10. 

8.  General  Notes 


Programs  of  subsurface  investigations  and  soils  engineering  studies 
were  undertaken  for  the  design  of  the  Beaver  Brook  Project.  The 
subsurface  investigations  included  geological  studies,  subsurface 
explorations  and  laboratory  test  programs  carried  out  to  determine  the 
distribution  and  characteristics  of  foundation  materials  and  to  determine 
soil  and  bedrock  conditions  relevant  to  excavation  operations  and  the 
design  and  construction  of  the  embankments  and  concrete  structures.  Soil 
and  rock  engineering  studies,  based  on  the  data  obtained  from  the  subsur¬ 
face  Investigations,  were  conducted  to  develop  safe  and  economical 
earthwork  and  foundation  designs  and  construction  methods. 

9.  Elevations 


All  elevations  mentioned  in  this  report  are  in  reference  to  National 
Geodetic  Vertical  Datum  (NGVD) ,  which  is  the  mean  sea  level  of  1929. 

C.  TOPOGRAPHY,  GEOLOGY  &  SEISMICITY 


10.  Topography . 

The  Beaver  Brook  project  area  is  located  within  the  New  England 
Upland  section  of  the  New  England  physiographic  province.  The  upland  is 
generally  characterized  by  a  hilly  terrain  with  occasional  monadnocks  that 
is  dissected  by  narrow  valleys.  With  elevations  ranging  from  500  feet 
NGVD  to  over  2,500  feet  NGVD,  a  landscape  with  steep  slopes  is  common. 
Glaciation  has  extensively  modified  the  pre-glacial  bedrock  topography  by 
erosion  and  deposition  of  glacial  materials.  Elevations  near  the  project 
site  range  between  780  feet  NGVD  and  830  feet  NGVD. 
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11.  Geology. 


a.  Surf iclal.  Pleistocene  age,  glacial  deposits  dominate  the 
surflcial  geology  of  the  area.  Glacial  till,  a  heterogeneous  product  of 
direct  deposition,  generally  blankets  the  bedrock  surface.  In  the  area, 
the  till  has  occasionally  been  molded  into  low  hill  features  known  as 
drumllns.  The  east-west  valley  of  the  Ashuelot  River  to  the  north  was 
dammed  by  glacial  till  masses  creating  a  temporary  glacial  lake,  in  which 
fine  grained  sediments  were  deposited.  This  lake  may  have  spilled  over 
the  present  divide  into  the  north-south  valley  of  Beaver  Brook.  The  till 
in  the  lower  sides  of  the  Beaver  Brook  valley  is  overlain  by  remnants  of 
gravelly  terraces  which  were  built  by  melt  water  streams.  Recent  alluvial 
deposits  are  found  in  valleys  and  floodplains. 

b.  Bedrock.  The  bedrock  in  the  region  is  principally  Devonian  in 
age  and  consists  primarily  of  granite  and  gneiss.  Mica  schist  of  the 
Littleton  Formation  fingers  between  these  rocks  along  the  valley  of  Beaver 
Brook.  This  zone  of  rock  contacts  probably  accounts  for  a  largely 
structural  origin  of  the  valley.  Bodies  of  pegmatite  frequently  occur 
within  the  local  bedrock  formations.  The  strike  of  the  foliation  is 
generally  N  20°E  while  the  dip  varies  between  25  and  60°  SE. 

12.  Seismicity. 

The  Beaver  Brook  area  is  located  entirely  within  Zone  2  of  the 
seismic  zone  map  of  the  United  States.  This  is  a  modification  of  the 
seismic  risk  map  developed  by  the  Environmental  Science  Administration  and 
the  Coast  and  Geodetic  Survey  and  it  is  contained  in  Engineering 
Regulation  1110-2-1806  dated  30  April  1977.  In  accordance  with  this 
directive,  a  coefficient  of  0.05g  is  recommended  for  use  in  any 
preliminary  evaluation  of  the  seismic  stability  of  the  dam.  A  detailed 
seismic  evaluation  will  be  performed  during  final  design  efforts. 

Detailed  remote  sensing  and  fault  compilation  did  not  reveal  the 
presence  of  a  major  or  capable  fault  within  a  75  mile  radius  of  the 
project  area.  The  nearest  event  with  an  epicenter  based  on  non- 
instrumental  data  occurred  approximately  five  miles  from  the  site  in  1854 
with  an  Intensity  of  IV  MM  (Modified  Mercalli) .  The  nearest  event  with  an 
epicenter  based  on  Instrumental  data  occurred  approximately  20  miles  from 
the  site  in  1966  and  had  an  intensity  of  V  MM. 

D.  SUBSURFACE  INVESTIGATIONS 

13.  Subsurface  Explorations 

a.  Dam  and  Dikes.  In  March  1982,  a  preliminary  subsurface 
investigation  program,  consisting  of  four  borings,  was  performed.  The 
borings  were  continuously  driven  into  overburden  to  recover  either  2  or  2 
1/2  inch  diameter  samples.  Upon  refusal,  the  borings  were  advanced  into 
bedrock  to  obtain  up  to  15  feet  of  NX  size  (2  1/8  inch  I.D.)  cores. 
Locations  of  the  borings  are  shown  on  Plates  4  and  5. 
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In  1964,  35  test  borings  were  drilled  at  the  original  Beaver  Brook 
Dam  and  reservoir  location.  Although  the  original  site  is  approximately 
1,000  feet  downstream  from  the  present  site,  the  results  from  these 
borings  are  useful  in  determining  the  local  subsurface  conditions. 

Records  of  these  borings  are  contained  in  the  Beaver  Brook  survey  report 
dated  July  1965. 

b.  Channel.  No  subsurface  investigations  were  performed  along  the 
areas  of  the  proposed  channel  improvements.  Foundation  conditions  were 
inferred  from  the  borings  at  the  dam  site,  observations  made  from  field 
reconnaissance  trips,  and  from  the  well  records  and  geologic  logs  of  nine 
wells  in  the  area.  The  well  records  and  logs  are  contained  in  the  1973 
U.S.G.S.  report  "Hydrologic  Data  of  the  Ashuelot  River  Basin,  New 
Hampshire” 


c.  Future  Explorations 

(1)  Dam  and  Dikes.  At  least  ten  more  borings  and  several  test 
pits  will  be  required  in  the  foundation  areas  of  the  concrete  dam  and  dike 
embankments  in  order  to  determine  the  depth  to  an  adequate  bearing  stratum 
for  the  concrete  dam  and  training  walls  and  seepage  and  shear  strength 
characteristics  for  the  dike  foundation  soils.  Pressure  testing  of  the 
bedrock  will  be  required  in  borings  along  the  centerline  of  dam.  The 
borings  in  the  dam  foundation  area  will  also  be  used  to  locate  old  channel 
fillings,  gorges  in  bedrock  surface,  depth  of  weathered  and  decomposed 
bedrock  and  to  determine  the  extent  and  characteristics  of  materials  from 
required  excavations.  Machine  probes  will  also  be  utilized  along  the 
centerline  of  the  dam  to  assist  in  defining  a  sound  and  firm  bedrock 
surface.  About  20  foundation  probes  and  a  few  shallow  borings  will  be 
required  along  the  riverside  toe  of  the  Dike  A  embankment  to  determine  the 
depth  of  soft  organic  materials.  About  10  probes  and  one  boring  will  be 
required  in  the  foundation  area  of  the  Dike  B  embankment  to  determine  the 
depth  of  organics  and  other  unsuitable  materials. 

(2)  Channel .  At  least  three  test  pits  will  be  required  alonq 
various  reaches  of  the  channel  to  determine  the  character  of  materials  for 
design  and  construction  purposes.  A  few  shallow  borings  may  also  be 
required  where  utility  lines  are  to  be  relocated. 

14.  Laboratory  Tests. 

All  laboratory  tests  were  performed  in  accordance  with  the  procedures 
described  in  Corps  of  Engineers  Manual  EM  1110*2-1906  "Laboratory  Soils 
Testing".  All  soil  samples  vere  visually  classified  in  accordance  with 
the  Unified  Soil  Classification  System.  Grain  size  analyses ,  Atterberg 
Limit  determinations,  specific  gravity  and  water  contents  were  performed 
on  selected  samples  to  confirm  the  visual  classifications  and  to  provide 
more  precise  data  where  required.  Tests  on  the  rock  samples  Included 
limited  petrographic  analyses  and  the  determinations  of  specific  gravity, 
percent  absorption,  and  unconfined  compressive  strengths. 


15. 


Presentation  of  Data 


The  geological  sections  along  the  centerline  of  the  proposed  dam  and 
dike  are  shown  on  Plate  No.  B-l.  The  results  of  laboratory  soil  and  rock 
tests  are  shown  on  Tables  1  and  2  (Plates  B-8,  B-9) ,  respectively. 


E.  CHARACTERISTICS  OF  DAM,  DIKES  AND  CHANNEL  FOUNDATION  MATERIALS 
16.  Distribution  and  Description  of  Materials 

a.  General.  The  concrete  dam  will  be  built  on  the  site  of  an 
existing  dam  (called  Three  Mile  Swamp  Dam) .  The  existing  dam  consists  of 
an  earth  embankment  about  six  feet  high  with  a  supporting  downstream 
rubble  wall.  The  existing  dam  forms  a  long  shallow  impoundment  about 
three  to  four  feet  deep  behind  the  dam.  The  newly  reconstructed  State 
Route  10  embankment  is  located  adjacent  to  the  dam  and  runs  the  length  of 
the  valley.  Dike  A  will  be  constructed  adjacent  and  parallel  to. the 
highway  embankment  while  Dike  B  will  close  a  low  swampy  area  north  of  the 
highway.  Portions  of  the  channel  improvement  will  be  built  on  areas  of 
man-made  land  formed  by  filling  during  the  last  100  years  or  so.  There  is 
no  exact  record  of  the  timing  and  type  of  filling  that  has  taken  place. 

The  filling  was  generally  uncontrolled  and  the  type  of  fill  encountered 
in  these  areas  is  very  heterogeneous. 

b.  Subsurface  Water.  Subsurface  water  levels  in  the  proposed 
dam  and  dike  foundation  areas  fluctuate  with  the  level  of  the  adjacent 
brook  and  pond,  but  generally  will  be  found  within  five  feet  of  the  ground 
surface.  Subsurface  water  levels  in  the  channel  areas  fluctuate  with  the 
level  of  the  adjacent  brook. 

c.  Dam  and  Dike  Foundations.  As  indicated  by  the  Geologic  Log 
Profile  on  Plate  B-l,  the  overburden  varies  from  about  five  feet  in 
thickness  on  the  left  abutment  to  only  one  foot  in  the  vicinity  of  the 
existing  brook  to  about  15  feet  adjacent  to  the  highway  embankment  and 
under  the  proposed  Dike  A  embankment.  The  overburden  materials  consist  of 
a  capping  of  about  6  to  12  Inches  of  topsoil  and  forest  litter  overlying 
primarily  glacial  materials  which  in  turn  overlie  schist  and  granitic 
bedrock. 

Weathered  to  decomposed  bedrock  varying  from  2  to  7  feet  in  thickness 
was  encountered  in  the  right  abutment  and  under  the  existing  brook. 

The  materials  in  the  left  abutment  glacial  till  deposits  consist  of 
brown  to  gray-brown,  loose  to  moderately  compact,  gravelly  silty  medium  to 
fine  sands  and  silty  medium  to  fine  sands  (SM).  Gravel  contents  range 
from  5  to  30  percent  while  silt  contents  range  from  25  to  45  percent. 
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Underlying  the  topsoil  in  the  right  abutment  and  in  the  valley  to  the 
north  of  the  brook,  there  is  a  4-foot  layer  of  gray  brovm  moderately 
compact,  gravelly  silty  medium  to  fine  sand  (SM,  till).  These  sands 
overlie  a  4  foot  layer  of  gray,  moderately  compact,  medium  to  fine  sandy 
clay  (CL,  till).  Underlying  these  deposits  is  a  5  foot  zone  of  a  more 
pervious  gray  brown,  moderately  compact  gravely  silty  sand  (SM)  and  silty 
sandy  gravel  (GM)  containing  cobbles  and  boulders. 

Further  upstream  (a  distance  of  about  200  feet)  the  overburden  in  the 
dike  foundation  area  consists  of  gray,  moderately  compact  to  compact 
sandy  clay  (CL,  glacial  till).  Sand  contents  of  the  clays  range  from  35 
to  45  percent.  Liquid  limits  run  from  26  to  32  percent  while  plastic 
limits  range  from  16  to  18  percent. 

No  explorations  were  made  in  the  foundation  areas  for  the  upper 
reaches  of  Dike  A  or  for  Dike  B  across  the  swampy  area.  Surficial 
evidence  of  the  soils  along  Route  10  indicates  that  foundation  materials 
grade  into  outwash  sands  and  gravels  in  the  upper  reaches  of  Dike  A.  The 
swampy  area,  high  water  table  and  information  from  highway  construction 
drawings  indicate  a  shallow  layer  of  organics  over  glacial  till  for  the 
foundation  area  of  Dike  B. 

d.  Channel.  In  general,  foundation  conditions  along  Beaver  Brook 
are  defined  t>y  a  relatively  thick  overburden  cover,  primarily  glacial 
material,  overlying  bedrock. 

Based  on  the  geologic  logs  of  nine  wells  in  the  general  area,  an 
idealized  stratigraphic  column  would  consist  of  four  members.  The  upper 
twenty  feet  is  characterized  by  sand  of  alluvial  and  glacial  origin.  The 
underlying  ten  feet  consists  of  glacially-derived  silt  and  sand. 

Underlying  this  layer  is  a  variably-thick  (40  to  70  feet)  unit  of  silt  and 
clay.  The  basal  member  is  a  compact  till,  consisting  mainly  of  silt, 
gravel,  and  sand.  Bedrock  in  the  area  is  primarily  granite  with  some 
schist.  The  bedrock  surface  was  encountered  generally  at  depths  greater 
than  50  feet. 

e.  Characteristics  of  Foundation  Bedrock 


(1)  General.  The  underlying  bedrock  at  the  dam  consists 
primarily  of  lnterbedded  granite  and  blotlte  schist.  The  bedrock  in  the 
left  abutment  is  a  white  to  dark  gray  sequence  of  lnterbedded  granite  and 
blotlte  schist.  In  general,  the  rock  in  this  area  is  hard,  fresh  to 
slightly  weathered,  fine  to  medium-grained,  and  massive  (granite)  to  well- 
foliated  (schist).  Bedrock  in  the  right  abutment  is  a  white  to  dark  gray, 
hard,  fresh  to  weathered,  medium  to  coarse  grained  well-foliated,  blotlte 
schist.  The  upper  foot  of  rock  is  very  weathered.  lnterbedded  granite 
and  blotlte  schist  comprise  the  bedrock  underlying  the  proposed  dike. 
Weathered  to  decomposed  bedrock  up  to  seven  feet  thick  was  encountered 
adjacent  to  the  existing  brook. 
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(2)  Bedrock  Foundation  for  Dam.  The  severe  weathering  of 
portions  of  the  bedrock  at  foundation  grades  may  require  more  than  the 
usual  foundation  treatment  to  remove  loose  blocks  and  slabs  and  to  clean 
out  weathered  zones  and  seams.  The  strike  of  the  bedrock  is  at 
approximately  right  angles  to  the  centerline  of  the  dam  while  the  bedrock 
dips  steeply  in  a  southerly  direction,  which  will  result  in  an  irregular 
surface  when  excavated. 

Rock  removal  and  filling  of  depressions  with  concrete  may  be  required 
to  establish  a  uniform  base  surface  for  the  dam.  Rock  removal  will  be 
accomplished  by  line  drilling  and  light  blasting  with  jack  hammers,  and  by 
barring  and  wedging  with  hand  tools.  The  bedrock  surface  will  be  cleaned 
with  jets  of  air  or  water  or  a  combination  thereof  prior  to  placing 
concrete.  With  adequate  treatment  the  rock  will  be  satisfactory  for 
support  of  heavy  structural  loads.  Grouting  of  the  bedrock  under  the 
centerline  of  dam  will  be  considered  during  the  final  design  phase  in 
order  to  control  seepage  and  maintain  a  permanent  pool,  and  to  control  the 
development  of  seepage  pressures  under  the  toe. 

17 .  Shear  Strength. 

No  samples  of  foundation  materials  for  this  project  were  tested  for 
shear  strength.  The  shear  strength  parameters  tabulated  below  have  been 
estimated  on  the  basis  of  visual  examination  of  the  samples,  their  grain- 
size  distribution  curves,  data  from  exploration  logs  and  experience  with 
similar  materials. 


ESTIMATED  SHEAR  STRENGTH  PARAMETERS 
FOUNDATION  SOIL  0,  DEGREES  C,  PSF 

Dam  &  Dikes 

Gravelly  silty  sand  (SM) 

Sandy  clay  (CL)  (Till) 

Organic  soils 

Weathered  and  decomposed  bedrock 
Channel 

Alluvial  sands  30  0 

Existing  fills  25  0 

18.  Permeability. 

Permeability  tests  were  not  performed  on  samples  of  the  foundation 
soils  since  the  relative  permeability  characteristics  can  be  judged  with 
sufficient  accuracy  by  visual  examination  of  the  samples,  their  grain  size 
distribution  curves  and  experience  with  similar  materials.  It  is 
estimated  that  the  vertical  coefficients  of  permeability  will  be  within 
the  following  ranges: 


30 

30 

0 

25  to  30 


0 

0 

100  to  200 
0 


Material 


Coefficient  of  Vertical  Permeability  (Kv) 


Dam  &  Dikes 

Gravelly  silty  sands  (SM) 

Sandy  clay  (CL) 

Weathered  and  decomposed  bedrock 
Channel 

Alluvial  sands 
Existing  Fills 

19.  Consolidation. 


0.5  to  5  x  10”  cm/sec 
0.1  to  1.0  x  10“  cm/sec 
0.1  to  10  x  10“4  cm/sec 


50  to  150  x  10-4  cm/sec 
10  to  100  x  10-4  cm/sec 


Consolidation  tests  were  not  performed  on  samples  of  foundation 
soils.  All  soft  and  compressible  surficial  deposits  will  be  removed  prior 
to  the  construction  of  the  dike  embankments.  The  consolidation 
characteristics  and  natural  densities  of  the  foundation  soils  are  such 
that  no  significant  post-construction  foundation  settlement  is  anticipated 
under  the  proposed  embankment  loadings. 

F.  DISTRIBUTION  AND  DESCRIPTION  OF  MATERIALS  FROM  REQUIRED  EXCAVATIONS 

20.  General. 

The  major  excavations  for  this  project  are  those  for  the  concrete 
dam,  stilling  basin  and  discharge  channel  and  for  the  downstream  channel 
improvement.  All  suitable  materials  from  the  excavations  for  the  dam 
features  will  be  used  to  the  extent  practical  in  the  permanent  work. 

These  materials  will  be  used  in  random  fill  zones  in  the  dike  embankments, 
in  backfills  for  the  concrete  structures,  and  in  temporary  cofferdams. 

All  suitable  materials  from  the  excavations  for  the  channel  improvement 
will  be  used  to  the  extent  practicable  to  fill  low  areas  adjacent  to  the 
ctiannel.  Excess  and  unsuitable  materials  shall  be  removed  from  the  sites 
and  spoiled  in  waste  areas  furnished  by  the  city. 

21.  Dam,  Stilling  Basin  and  Discharge  Channel  Excavations. 

Excavations  for  the  dam  and  spillway  will  consist  principally  of 
gravelly  silty  medium  to  fine  sands  and  silty  medium  to  fine  sands  (SM), 
medium  to  fine  sandy  clays  (CL)  and  silty  sandy  gravel  (GM)  with  cobbles, 
glacial  till.  The  random  fill  material  from  these  excavations  will  be 
variable  with  silt  contents  of  the  sands  ranging  from  15  to  45  percent  and 
gravel  contents  ranging  from  5  to  30  percent.  Silt  contents  of  the 
gravels  range  from  5  to  15  percent  while  sand  contents  of  the  clay  range 
from  35  to  45  percent.  The  depth  and  characteristics  of  the  soils  in  the 
discharge  ctiannel  are  not  known,  but  probably  are  similar  to  those  in  the 
dam  foundation  area.  Since  some  of  the  materials  will  be  below  the  water 
table,  it  is  expected  that  drying  back  of  these  materials  will  be 
necessary . 
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Channel  Improvement. 


Excavations  for  the  channel  Improvement  will  consist  principally  of 
sands,  silty  sands  and  silty  gravelly  sand  (SP,  SP-SM,  SM)  with  some  trash 
fill.  Suitable  material  will  be  used  In  random  fill  zones  along  the 
channel.  Excess  and  unsuitable  materials  shall  be  removed  from  the  site 
and  spoiled. 


G.  CHARACTERISTICS  OF  EMBANKMENT  MATERIALS 


23.  General. 


The  major  portions  of  the  materials  from  the  required  excavations 
will  not  be  suitable  for  use  In  construction  of  the  compacted  Impervious 
fill  and  gravel  fill  portions  of  the  dike  embankment.  Hie  suitable 
materials  from  these  excavations  will  be  used  to  the  extent  practicable  as 
random  fill  material.  In  view  of  the  relatively  high  cost  of  developing 
government  furnished  borrow  areas  and  the  implications  involved  in 
acquiring  land  for  borrow  areas,  it  has  been  decided  to  have  the 
contractor  furnish  all  embankment  materials  other  than  those  available 
from  the  required  excavations. 

24.  Filter  Design. 

The  gradation  requirements  for  gravel  fill,  gravel  bedding  and  filter 
stone  materials  have  been  established  in  accordance  with  the  filter  design 
criteria  set  forth  In  Engineering  Manual  for  Civil  Works  Construction,  EM 
1110-2-1913,  Design  and  Construction  of  Levees.  Typical  filter  design 
studies  (gradation  ranges)  are  shown  on  Plate  Nos.  B-4  through  B-S. 

25.  Random  Fill. 


The  suitable  embankment  material  from  the  required  excavations  of  the 
dam,  stilling  basin,  and  discharge  channel  will  include  a  wide  range  of 
soils  from  weathered  bedrock  to  gravelly  silty  sands  and  sandy  clays.  In 
view  of  the  variability  of  the  materials  and  the  impracticability  of 
separating  the  various  soil  types  during  construction,  it  is  planned  to 
use  the  material  in  random  fill  zones  in  the  dike  embankments  and  for 
certain  backfill  zones  for  the  dam  and  other  concrete  structures.  Random 
fill  material  for  the  channel  improvement  will  not  contain  significant 
quantities  of  cinders,  ashes,  topsoil  and  similar  material  and  will  be 
free  of  stumps,  trash  and  large  pieces  of  debris.  For  design  purposes, 
the  densities,  permeability  coefficients  and  shear  strength  parameters 
selected  for  impervious  fill  material  have  been  used  for  the  random  fill 
material. 

26.  Impervious  Fill. 

Impervious  fill  will  be  furnished  by  the  contractor  and  will  consist 
of  approved,  natural,  reasonably  well  graded,  gravelly  silty  sand  and 
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sandy  clay.  It  is  estimated  that  compacted  impervious  fill  material  will 
have  an  average  coefficient  of  permeability  of  less  than  1  x  10-^  cm/sec 
and  will  develop  shear  strength  parameters  in  excess  of  0  ■  30  degrees 
within  the  anticipated  applied  stress  range  for  all  conditions. 

Experience  with  similar  materials  on  other  projects  indicates  that 
placement  moisture  contents  can  be  maintained  within  two  percentage  points 
of  optimum  with  moderate  moisture  control  and  that  in  place  compacted  dry 
densities  will  be  in  the  order  of  120  pcf.  The  material  will  be  required 
to  meet  the  following  gradation  limits: 


Sieve  Size  (U.S. 

6  inch 
3  inch 
No.  4 
No.  40 
No.  200 

Gravel  Fill. 


Percent  Passing  by  Dry  Weight 


100 

85-100 

70-95 

35-70 

20-45 


Gravel  fill  shall  consist  of  approved  contractor  furnished  well 
graded  sandy  gravel  composed  of  tough,  durable  particles  of  natural  sand 
and  gravel.  The  material  shall  meet  the  following  gradation  limits: 


Sieve  Size  (U.S,  Std) 

rinch - 4 - 

1  inch 
No.  4 
No.  16 
No,  200 


Percent  Passing 

-  166" 

45-90 

15-70 

7-50 

0-5 


Weight 


(In  addition,  not  more  than  10  percent,  by  dry  weight,  of  the  component 
passing  the  No.  4  sieve  shall  pass  the  No.  200  sieve.) 

28.  Class  I  Gravei  Bedding. 

Gravel  bedding  shall  consist  of  bank-run  reasonably  well  graded, 
cobbly,  sandy  gravel  composed  of  tough,  durable  particles  of  natural  sand 
and  gravel.  The  material  shall  meet  the  following  gradation  limits: 


Sieve  Size  (U.S.  Std) 
<>  inch  ” 

1  inch 
No.  4 
No.  16 
No.  200 


Percent  Passing 

loo 

50-90 

25-70 

15-50 

0-5 


Weight 


(In  addition,  not  more  than  10  percent,  by  dry  weight,  of  the 
component  passing  the  No.  4  sieve  shall  pass  the  No.  200  sieve.) 


29.  Class  II  -  Gravel  Bedding. 

The  material  shall  meet  the  following  gradation  requirements. 

Sieve  Size  (U.S.  Std) 

— TTSTEE - 

•  2  inch 

No.  4 
No.  16 
No.  200 

(In  addition,  not  more  than  10  percent,  by  dry  weight,  of  the 
component  passing  the  No.  4  sieve  shall  pass  the  No.  200  sieve.) 

30.  Filter  Stone. 

Filter  stone  shall  be  furnished  by  the  contractor  and  shall  consist 
of  hard,  durable  and  sound  quarried  rock  fragments.  The  material  shall  be 
well  graded  with  fragments  varying  in  size  from  3  inches  to  5  inches.  The 
material  may  contain  a  maximum  of  20  percent,  by  dry  weight,  of  particles 
retained  on  a  5  inch  grizzly  and  a  maximum  of  13  percent,  by  dry  weight, 
of  particles  that  pass  the  3-inch  sieve.  The  filter  stone  material  shall 
not  contain  particles  with  a  maximum  dimension  greater  than  8  inches.  No 
stone  shall  have  a  minimum  dimension  leas  than  2  inches. 

31.  Shear  Strength  and  Permeability  Characteristics. 

On  the  basis  of  the  above  gradation  and  specifications  it  is 
estimated  that  gravel  fill,  gravel  bedding  and  filter  stone  materials  will 
develop  angles  of  Internal  friction  of  at  least  30  degrees  and  will  have 
coefficients  of  permeability  between  20  x  10~*  and  100  x  10“*  cm/sec. 

32.  Rock  and  Concrete  Materials. 


Percent  Passing  by  Dry  Weight 

60-90 

15-60 

7-40 

0-5 


More  than  3,900  cubic  yards  of  Class  I  Stone  Protection  and  3,700 
cubic  yards  of  Class  II  Stone  Protection  are  needed  for  this  project. 
There  are  two  known  connaercial  sources  for  stone  protection  materials 
located  north  of  the  city  of  Keene,  within  20  miles.  Concrete  aggregate 
is  available  from  commercial  suppliers  in  the  tri-state  area  within  a  35 
mile  radius  of  the  project  site. 

H.  DESIGN  OF  DIKES  AND  DAMS 


33.  Design  Criteria. 

Current  design  criteria  as  set  forth  in  the  pertinent  sections  of  the 
Engineering  Manual  for  Civil  Works  Construction  EM  1110-2-1913  "Design  and 
Construction  of  Levees"  have  been  followed  in  the  design  of  dikes  for  this 
project. 
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3A.  Materials  for  Embankment  Construction 


a.  Materials  from  Required  Excavations.  It  is  estimated  that  there 
will  be  about  29,000  cubic  yards  oi  required  earth  excavations  for  this 
project.  About  17,000  cy  will  be  excavated  from  the  dam  and  dike  areas 
and  about  11,000  cy  from  the  channel  improvement.  Of  the  materials  from 
these  excavations,  about  4,000  cubic  yards  will  be  suitable  for  use  in  the 
random  fill  zone  of  the  dikes  and  certain  backfills  around  concrete  struc¬ 
tures.  About  1,000  cubic  yards  of  material  will  be  utilized  in  temporary 
cofferdams.  About  25,000  cubic  yards  of  material  shall  be  removed  from 
the  site  and  spoiled.  About  600  cubic  yards  of  required  rock  excavations 
will  be  utilized  as  Stone  Protection  in  the  discharge  channel.  Future 
subsurface  investigations  will  determine  more  accurately  the  character¬ 
istics  of  the  foundation  materials  and  materials  from  required  excava¬ 
tions.  Once  these  characteristics  are  more  accurately  defined,  the  design 
may  be  modified  to  utilize  more  materials  from  required  excavations. 

b.  Materials  Furnished  by  Contractor.  All  dam  and  dike  materials 
other  than  random  fill  materials  and  Stone  Protection  for  the  dam 
discharge  channel  will  be  furnished  by  the  contractor. 

c.  Materials  Osage.  A  chart  showing  the  proposed  utilization  of 
materials  £rom  the  required  excavations  and  of  materials  furnished  by  the 
contractor  is  shown  on  Plate  B-7.  The  quantities  shown  are  subject  to 
change  as  more  detailed  quantity  estimates  are  developed  during  the 
preparation  of  plans  and  specifications  for  the  project. 

35.  Selection  of  Dike  Sections. 


The  sections  for  various  reaches  of  the  dikes  developed  as  a  result 
of  design  studies  are  shown  on  Plates  5  and  6.  The  selection  of  the 
sections  was  Influenced  by  the  foundation  conditions,  the  availability  and 
characteristics  of  earth  and  gravel  materials  from  required  excavations 
and  other  sources,  the  proximity  of  Route  10,  seepage  control 
requirements,  stream  erosion,  ice  action  and  construction  considera¬ 
tions.  In  general,  the  Dike  A  embankment  will  consist  of  a  large 
reservoir  side  toe  of  gravel  fill,  a  large  central  zone  of  compacted 
impervious  fill,  a  smaller  zone  of  compacted  random  fill  above  elevation 
795  and  a  shallow  landside  pervious  toe  drain  of  compacted  gravel  fill. 

The  embankment  will  be  protected  by  layers  of  stone  protection  and  gravel 
bedding  on  the  reservoir  side  slopes  and  by  seeded  topsoil  on  the  landside 
slopes.  Dike  B  will  consist  of  a  large  section  of  dumped  and  compacted 
random  fill.  The  embankment  will  be  protected  by  seeded  topsoil. 

36.  Seepage  Control 

a.  General.  The  design  hydrostatic  head  for  the  dike  has  been  taken 
as  that  produced  by  the  SPF  (El  797)  on  the  waterside  and  a  water  level  at 
the  ground  surface  on  the  landside.  On  this  basis,  the  design  hydraulic 
head  will  range  from  2  to  about  6  feet. 


B-12 


b.  Seepage  Through  the  Dike.  Seepage  through  Dike  A  will  be 
controlled  tnrough  the  arrangement,  sizes  and  differences  in  permeabil¬ 
ities  between  the  impervious  fill  zone  and  those  of  the  landside  gravel 
fill  zone  and  the  relatively  long  seepage  path  through  the  random  zone 
above  elevation  795.  Seepage  through  Dike  B  will  be  controlled  by  the 
relatively  long  seepage  path  through  the  random  fill  zone. 

c.  Foundation  Seepage.  Seepage  and  uplift  pressure  at  the  landside 
toe  above  elevation  ^95  will  be  controlled  by  the  length  of  the  seepage 
path.  In  the  reach  from  Sta  0+00  to  Sta  10+00  for  Dike  A  where  the 
hydraulic  head  is  between  2  and  6  feet,  a  shallow  toe  drain  has  been 
provided  to  intercept  seepage  and  prevent  softening  of  the  landside  toe. 

37.  Dike  Sections 

a.  Dike  St  at  ions  CH-O0  to  4-+00 .  Dike  A  in  this  reach  will  have  a 
gravel  fill  (dumped  and  compacted)  waterside  toe.  Its  height  on  the 
landside  will  average  about  8  feet  while  its  height  on  the  waterside  will 
average  about  17  feet.  All  organic  materials  in  the  pond  bottom  within 
the  dike  foundation  area  will  be  excavated  to  insure  embankment  stability 
against  shear  failure.  The  section  will  consist  of  dumped  impervious  and 
gravel  fills  placed  in  water  below  elevation  787  and  compacted  impervious 
and  gravel  fills  above  that  elevation.  The  bottom  of  the  pervious 
foundation  drain  will  extend  into  the  foundation  materials  by  2  feet. 

In  order  to  utilize  materials  from  required  excavations,  compacted 
random  fill  will  be  placed  above  elevation  795  where  hydraulic  heads  are 
low.  Stone  protection  will  be  placed  on  the  riverside  as  the  dike  will  be 
subjected  to  water  and  ice  action  and  to  increase  stability  during 
drawdown. 

b.  Dike  Stations  4+00  to  11+80.  The  dike  in  this  reach  is  also 
constructed  parallel  and  continuous  to  the  highway.  Its  height  on  the 
landside  will  average  about  5  feet  while  its  height  on  the  waterside  will 
average  11  feet.  The  dike  section  will  be  similar  to  the  reach  from 
stations  OtOO  to  4+00  except  that  the  height  of  the  embankment  is  less. 

The  dike  will  have  a  small  waterside  gravel  fill  toe.  Below  elevation  795 
the  section  will  consist  of  compacted  impervious  fill  with  compacted 
random  fill  above  Kiev.  795.  No  toe  drain  is  provided  in  this  reach 
because  of  low  differential  heads  and  long  seepage  path.  Stone  protection 
will  be  placed  on  the  riverside  slopes  as  the  dike  will  be  subjected  to 
ice  action,  and  to  increase  stability  during  drawdown. 

c.  Dike  ft.  Dike  B  will  close  off  a  low  swampy  area  on  the  north 
side  of  Bouts  10  and  will  divert  overland  flow  through  an  existing  36  inch 
culvert  under  the  highway.  The  dike  will  reach  a  maximum  height  of  about 
9  feet.  All  organic  material  within  the  foundation  area  will  be  excavated 
to  Insure  embankment  stability  and  control  seepage.  The  section  will 
consist  of  dumped  random  fill  below  elevation  793  and  compacted  random 
fill  above  that  elevation.  All  slopes  will  be  topsoiled  and  seeded. 

38.  Embankment  Stability. 
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a.  General.  A  section  at  Sta  1+00  of  the  riverside  portion  of  the 
dike,  where  the  height  of  slope  is  about  18  feet  was  selected  for  stabil¬ 
ity  analysis  as  being  a  section  combining  maximum  embankment  height  with 
average  foundation  strengths.  This  section  was  analyzed  for  stability 
against  shear  failure  by  the  circle  method  for  the  End  of  Construction, 
the  Sudden  Drawdown  Condition  and  Intermediate  Flood  Stage  Condition. 


b.  Selection  of  Design  Values.  The  design  unit  weights  and  shear 
strength  parameters  have  been  selected  on  the  basis  of  experience  with 
similar  materials  on  other  projects  and  are  tabulated  below: 


Unit  Weight  (pcf)  Shear  Strength 

.■—I  I  11  ■■■!  ■  ■  II  ■  ■  *  «  ■■  ■»»!.»  -  l»i  I  ■—  ■  »  — 1«  yi  '"'il  1 


Material 

1. Stone  Protection 

Sat 

T35 

Moist 

118 

a 

sub. 

“7 T 

©(degrees) 

4o 

C(psf) 

“HT” 

40 

C 

0 

56 

C 

0 

2. Gravel  Bedding  & 
Comp.  Gravel  Fill 

145 

135 

130 

83 

35 

0 

37 

0 

37 

0 

3. Dumped  Gravel 

Fill 

135 

120 

115 

73 

30 

0 

33 

0 

33 

0 

4. Comp.  Impervious 
&  Random  Fills 

140 

135 

120 

78 

30 

0 

30 

0 

32 

0 

5. Dumped  Impervious 
&  Random  Fills 

135 

125 

no 

73 

25 

0 

25 

0 

25 

0 

6. Foundation  Soil 

140 

135 

120 

78 

30 

0 

30 

0 

30 

0 

c.  Results  of  Stability  Analyses.  The  minimum  factors  of  safety  for 
a  section  o£  maximum  height  and  average  foundation  strength  are  tabulated 
below.  On  the  basis  of  the  results  of  these  analyses,  it  is  considered 
that  the  selected  embankment  sections  are  safe  against  shear  failure. 


Condition  Analyzed 

1.  End  of  Construction 

2.  Sudden  Drawdown  from 
Max  Pool  (El.  797.0) 

3.  Intermediate  Flood  Stages 


Minimum 

Factor  of 

Safety 

Criter 

1.6 

1.3 

1.1 

1.0 

1.6(E1.  791) 

1.4 

39.  Settlements. 


Except  for  the  organic  soils  the  foundation  soils  and  fills  are  of 
low  compressibility  and  no  significant  settlements  are  anticipated  from 
these  soils.  All  organic  soils  under  portions  of  the  riverside  slopes 
will  be  removed  prior  to  construction  of  the  dikes.  It  is  expected  that 
settlement  of  the  foundation  soils  and  embankments  will  occur  entirely 
during  construction. 

40.  Construction  Considerations. 
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a.  Dewatering  Construction  Areas.  All  areas  In  which  compacted 
fills  are  to  be  constructed  will  be  dewatered.  Along  portions  of  the 
riverside  toe  of  the  dilce  A,  there  will  be  a  gravel  fill  zone  which  will 
serve  as  a  cofferdam.  The  lower  portion  of  this  zone  will  be  dumped  into 
2  to  5  feet  of  water  while  the  upper  portion  will  be  compacted.  It  is 
anticipated  that  tfcv  dewatering  of  the  construction  areas,  in  general, 
will  be  possible  by  the  usual  methods  of  construction  drainage  including 
open  pumping.  In  the  excavation  for  the  dam,  special  methods  such  as  well 
pointing  may  be  necessary.  Portions  of  the  gravel  bedding  and  stone 
protection  for  the  channel  realignment  will  be  placed  below  water  level 
without  diversion  or  dewatering  of  the  construction  area.  Above  water 
level,  these  materials  will  be  placed  in  the  dry. 

b.  Rate  of  Embankment  Construction.  In  general,  the  dikes  will  be 
constructed  to  their  full  width  in  reaches  long  enough  to  permit  proper 
operation  of  compaction  equipment.  An  exception  to  this  requirement  will 
be  made  to  allow  construction  of  the  dumped  gravel  fill  cofferdam  in 
advance  of  the  adjacent  fill  zones.  It  will  be  required  that  prior  to 
certain  flood  seasons ,  all  partially  completed  dike  reaches  will  be 
completed  to  their  full  width  including  stone  protection. 

c.  Control  and  Diversion  of  River  During  Construction  of  Concrete 

Dam 


(1)  General.  Plate  13  schematically  indicates  a  means  by  which 
Beaver  Brook  can  be  controlled  and  diverted  during  construction  of  the 
concrete  dam  including  stilling  basin  and  discharge  channel. 

(2)  Stage  I  -  The  construction  plan  provides  for  excavation  of  a 
trapezoidal  diversion  channel  on  the  left  side  capable  of  conveying  a  flow 
of  at  least  700  cfs  (10  yr.  freq.  flow)  with  an  upstream  cofferdam  to 
approximately  Elev.  792.  This  plan  will  allow  construction  of  the  right 
side  of  the  dam,  including  tha  stop  log  structure  and  the  low  flow  weir 
(El.  787)  during  Stage  II.  The  diversion  channel  will  be  excavated  to 
final  excavation  grade.  Bedrock  will  be  removed  at  this  stage  so  as  to 
minimize  damage  (from  blasting  operations)  to  future  concrete 
structures.  The  brook  will  be  diverted  to  this  side  after  completion  of 
all  earth  and  rock  excavation  in  this  area. 

(3)  Stage  II  -  The  right  side  of  the  dam  including  the  stop-log 
structure  and  portions  of  the  stilling  basin  and  downstream  channel  will 
be  constructed  during  this  phase.  The  upstream  and  south  side  cofferdams 
will  be  constructed  to  Elev.  792. 

(A)  Stage  III.  During  stage  III,  flow  through  the  stop-log 
structure  and  over  the  low  flow  weir  will  produce  a  capacity  in  excesa  of 
700  cfs  with  the  upstream  cofferdam  to  approximately  El.  794  NGVD.  This 
plan  provides  for  construction  of  the  left  side  of  the  dam  with  only  a 
minimum  of  rock  blasting  required.  Special  rock  excavation  may  be 
required  adjacent  to  the  previously  constructed  monolith  to  minimize 
damage  from  vibration  effects. 


41.  Environmental  Considerations. 

The  duck  nesting  season  takes  place  in  the  existing  pond  during  May 
and  June.  A  relatively  stable  pool  must  be  maintained  at  about  elev.  787 
during  construction  to  insure  a  successful  nesting  season.  A  low  earth 
and  rockfill  overflow  weir  will  be  constructed  about  120  feet  upstream  of 
the  existing  dam  (where  reservoir  narrows)  to  maintain  a  wildlife 
conservation  pool  at  elev.  787  NGVD.  All  earthwork  shall  be  planned  and 
conducted  to  minimize  the  duration  of  exposure  of  unprotected  soils.  Such 
methods  as  necessary  shall  be  utilized  to  effectively  prevent  erosion  and 
control  sedimentation. 


Methods  of  Placement  and  Compaction 


a.  Spreading.  Materials  for  fills  shall  be  spread  with  bulldozers 
or  other  approved  equipment  or  by  hand  to  form  uniform  loose  layers  of  the 
following  thicknesses: 


Material 

Comp.  Impervious  Fill 
Comp..  Random  Fill 
Comp.  Gravel  Fill 
Uncompacted  Random 
(channel  Improvement) 


Maximum  Loose  Layer  Thickness  (Inches) 
General  districted  Areas 


b.  Compaction.  Materials  for  compacted  fills  shall  be  compacted  as 
follows  according  to  its  fill  type: 

FI 11 . Type  Comp  action 


Comp .  Impervious 


At  least  6  coverages  of  the 
tread  of  the  heavy  tractor. 


Comp.  Random 


At  least  4  coverages  of  the 
tread  of  the  heavy  tractor  or 
at  least  8  coverages  of  the 
tread  of  the  light  tractor. 


Comp.  Gravel 


At  least  6  passes  of  Che  large 
vibratory  roller. 


c.  Compaction  in  Restricted  Areas.  In  restricted  areas,  impervious 
and  random  (dike  embankment)  fills  shall  be  compacted  by  at  least  four 
coverages  of  the  tamping  foot  of  the  power  tamper.  Random  (channel 
improvement)  and  gravel  fill  in  restricted  areas  shall  be  compacted  by  a 
plate  vibrator  or  the  small  vibratory  roller. 


d.  Equipment.  Compaction  equipment  shall  conform  to  the  following 
requirements  and  shall  be  used  as  prescribed  in  subsequent  paragraphs. 
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(1)  Heavy  Tractor.  A  "heavy  tractor"  to  be  used  for  compacting  fill 
material  shall  be  a  standard  commercial  make  crawler  type  tractor  weighing 
not  less  than  35,000  pounds  and  exerting  a  tread  pressure  of  not  less  than 
9  pounds  per  square  inch.  The  tractor  shall  be  equipped  with  standard 
width  treads. 

(2)  Light  Tractor.  A  "light  tractor"  to  be  used  for  compacting  fill 
material  shall  be  a  standard  commercial  make  crawler  type  tractor  weighing 
between  7,500  and  12,000  pounds  and  having  a  width  of  5  1/2  feet  or  less, 
measured  between  the  outside  edges  of  the  crawler  tracks. 

(3)  Small  Vibratory  Roller.  A  vibratory  roller  shall  be  a  unit 
designed  for  the  compaction  of  soil  or  rock  by  vibration  and  shall  be  the 
product  of  a  manufacturer  nationally  recognized  for  the  design  and 
production  of  such  equipment.  The  roller  shall  have  a  double  drum  having 
a  width  of  25  inches  or  more.  The  roller  shall  weigh  more  than  1700 
pounds  and  shall  be  self-propelled  with  forward  and  reverse  speeds. 

(4)  Large  Vibratory  Holler.  The  vibratory  roller  Bhall  be  equipped 
with  a  smooth  steel  compaction  drum  and  shall  be  operated  at  a  frequency 
of  vibration  during  compaction  operations  between  1100  and  1500  vpm. 
Vibratory  rollers  may  be  either  towed  or  self-propelled  and  shall  have  an 
unsprung  drum  weight  that  is  a  minimum  of  60  percent  of  the  roller  static 
weight.  Boilers  for  compacting  fill  shall  have  a  minimum  static  weight  of 
8000  pounds,  a  minimum  dynamic  force  of  16,000  pounds  when  operating  at 
1400  vpm,  and  an  applied  force  not  less  than  5000  pounds  nor  greater  than 
9000  pounds  per  foot  of  compaction  drum  length. 

(5)  Power  Tamper.  A  power  tamper  shall  be  an  approved  pneumatic  or 
mechanical  tamper  designed  for  the  compaction  of  soils  and  the  product  of 
a  manufacturer  nationally  recognized  as  a  specialist  in  the  design  and 
manufacture  of  such  equipment.  Jackhammers  or  similar  equipment  not 
specifically  designed  for  the  compaction  of  earth  material  will  not  be 
approved.  The  tamper  shall  deliver  no  more  than  1000  blows  per  minute  and 
in  addition  shall  have  a  circular  tamping  foot  not  more  than  6  inches  in 
diameter  and  shall  be  of  a  type  that  can  operate  satisfactorily  at  angles 
of  up  to  45  degrees  to  the  vertical. 

(6)  Plate  Vibrator.  A  plate  vibrator  shall  be  a  plate  surface 
vibrator  designed  for  the  compaction  of  soils  by  vibration  and  the  product 
of  a  manufacturer  nationally  recognized  as  a  specialist  in  the  design  and 
manufacture  of  such  equipment.  The  surface  contact  plate  shall  be  between 
18  and  21  inches  in  width. 

43.  Slope  and  Channel  Protection. 

a.  Stilling  Basin.  Layers  of  Class  I  Stone  Protection,  filter  stone 
and  Class  t  gravel  bedding  will  be  constructed  downstream  from  the 
stilling  basin  for  the  dam  to  provide  protection  against  stilling  basin 
exit  velocities  of  approximately  9  feet/sec.  and  high  turbulence  levels  in 
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che  flows.  These  layers  have  been  designed  In  accordance  with  che 
criteria  for  stone  sizes  for  riprap  and  channel  bottom  and  side  slopes 
downstream  from  stilling  basins  as  set  forth  In  Hydraulic  Design  Chart 
712-1. 


b.  Dike.  The  riverside  slopes  of  dike  A  will  be  protected  from 
stream  erosion  and  ice  action  by  layers  of  slope  protection  and  gravel 
bedding.  The  landside  slopes  of  dikes  will  be  topsoiled  and  seeded  while 
che  top  will  have  a  gravel  maintenance  road.  The  same  scone  sizes  as  used 
in  the  stilling  basin  (Class  I)  will  be  specified  for  the  Dike  A  slopes 
between  stations  0400  and  11400. 

c.  Channel  Improvement.  Hydraulic  analysis  for  erosion  control  of 
channel  Improvement  indicates  that  vandal-proof  stone  sizes  are  adequate 
for  screambank  protection  between  Marlboro  and  Water  Streets.  Velocities 
along  che  channel  at  che  toe  of  slopes  are  3  to  4  fps  and  about  5  fps  at 
bridges.  Due  to  the  low  energy-gradient  on  this  brook,  it  is  feasible  to 
terminate  stone  protection  on  the  slope  at  about  the  2-year  flood  level 
(water  depth  at  4  feet  above  channel  invert).  The  slopes  above  the  stone 
protection  will  be  topsoiled  and  seeded  with  flood  tolerant  grasses.  Full 
bank  protection  will  be  provided  within  SO  feet  upstream  and  downstream  of 
bridges  to  provide  protection  against  accelerated  flow  velocities  at  these 
locations. 

d.  Layer  Thickness  and  Gradation  Range .  The  layer  thickness , 
gradation  range  (assuming  unit  weight  of  stone  as  165  pcf)  and  other 
pertinent  data  are  shown  in  the  following  table: 


Basic  Layer 

Thickness 

Percent  Lighter 

Limits  of  Stone 

Class 

(Inches) 

By  Weight  (SSD) 

Weight  (lbs) 

I 

36 

100 

Bet.  250  &.1000 

(max) 

(Stilling  Basin) 

50 

Bet.  120  &  300 

15 

Less  than  150 

0 

2  (min) 

I 

24 

100 

Bet.  250  &  1000 

(Dike  A) 

50 

Bet.  120  &  300 

15 

Lass  than  150 

0 

2  (min) 

11 

18 

100 

Bet.  150  &  400 

(Channel) 

50 

Bet.  60  &  90 

15 

Less  than  40 

0 

2  (min) 

44.  Concrete  Dam 


The  dam  will  consist  of  a  centrally  located  200  foot  wide  overflow 
spillway  with  weir  crests  at  three  different  elevations  (Elevs.  787,  792 
and  794)  and  non-overflow  concrete  abutments.  The  height  of  the  spillway 
will  vary  from  8  to  15  feet  above  the  top  of  stilling  basin  (El.  779)  and 
about  10  to  18  feet  above  the  bedrock  surface.  The  entire  concrete  dam 
will  be  founded  on  a  firm  and  sound  bedrock  surface..  Rock  excavation 
will  be  required  for  the  left  side  of  the  stilling  basin.  A  horizontal 
concrete  slab  will  be  required  on  the  right  side  to  construct  the  stilling 
basin  at  Elev.  779.  The  concrete  slab  will  also  be  founded  on  bedrock  as 
the  elevation  of  the  bedrock  surface  in  the  area  of  the  stilling  basin 
slab  only  varies  from  about  Elev.  778  to  775.  As  described  In  paragraph 
16e.(2),  the  severe  weathering  of  portions  of  the  schist  and  granite 
bedrock  at  foundation  grades  may  require  more  than  the  usual  foundation 
treatment  to  produce  a  sound  and  firm  bedrock  surface. 

The  left  side  training  wall  will  be  partially  excavated  in  bedrock 
while  the  right  training  wall  will  be  founded  on  bedrock  or  glacial 
till.  Future  explorations  will  determine  the  depth  to  bedrock  or  a 
suitable  earth  bearing  stratum.  A  grout  curtain  will  be  considered  in 
final  design  in  order  to  maintain  the  permanent  pool  during  low  flows. 
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ROCK  TEST  RESULTS 


Results  of  Absorption,  Specific  Gravity,  and  Unit  Weight  (ASTM  C-97)  are 
summarized  below: 


Sample 


Schist  Schist  Granite 

FD-A(17* )  FD-C(8*}  FO-D-7.5') 


Bulk  Specific  Gravity  2.766 

Bulk  Specific  Gravity  (SSO)  2.776 

Apparent  Specific  Gravity  2.792 

Dry  Unit  Weight  (SSD)  173.22 

Percent  Absorption  0.33 


2.832  2.636 

2.842  2.644 

2.860  2.657 

177.34  164.99 

0.34  0.31 


Results  of  Compressive  Strength  of  Natural  Building  Stone  (ASTM  C-170) 
are  summarized  below: 


Sample 

Unconfined  Compressive 
Strength  (psl) 


FD-A( 17')  FD-C(8' )  FD-D(7.5') 

6,700  10,600  24,800 
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ECONOMICS  OF  THE  SELECTED  PLAN 


This  section  presents  the  economic  analysis  of  the  flood  control 
plans  selected  for  detailed  evaluation.  The  methodology  of  the  benefit- 
cost  analysis  is  explained;  the  annual  costs  and  benefits  are  presented; 
and,  the  benefit-cost  ratio  is  calculated.  The  contents  of  this  section 
focus  on  those  facets  of  the  proposed  Improvements  which  can  be  quantified 
in  dollar  values. 


METHODOLOGY 


The  economic  analysis  of  the  proposed  improvements  provides  an 
essential  function  in  the  evaluation  of  a  comprehensive  flood  control 
program  for  the  project  area.  Comparing  the  average  annual  costs  (i.e. 
interest,  amortization  and  operation  and  maintenance)  to  an  estimate  of 
the  average  annual  benefits,  which  are  anticipated  to  occur  over  the  100- 
year  life  of  the  project,  provides  a  measure  of  the  economic  viability  of 
project  alternatives.  The  benefits  should  equal  or  exceed  the  costs  for 
the  Federal  government  to  participate  in  the  project. 

The  development  of  costs  and  benefits  in  this  report  follows  standard 
Corps  of  Engineers  practice.  The  value  of  all  goods  and  services  used  in 
the  project  is  estimated  on  the  cost  side,  while  on  the  benefit  side, 
damages  prevented  are  estimated.  The  assessment  of  damages  prevented  is 
based  on  flood  damage  surveys  which  provide  dollar  estimates  of  both 
physical  and  nonphysical  losses  related  to  various  stages  or  elevations  of 
flooding.  These  losses  are  then  related  to  stage-frequency  data  which 
result  in  expected  losses  on  an  annual  basis.  Annual  benefits  are 
calculated  by  determining  the  reduction  in  annual  losses  that  would  occur 
with  the  project. 

The  value  of  future  benefits  and  costs  are  made  comparable  by 
conversion  to  an  equivalent  time  basis  using  the  Federal  interest  rate  of 
7-7/8  percent  which  is  mandated  by  law  for  water  resource  projects.  The 
net  effect  of  converting  benefits  and  costs  in  this  manner  is  the 
development  of  comparable  average  annual  values.  All  costs  and  benefits 
are  expressed  at  February  1983  price  levels. 

FLOOD  LOSSES 


The  potential  flood  damages  for  Keene  were  determined  by  damage 
survey  specialists  who  estimated  the  physical  and  nonphysical  losses  to 
properties  in  the  flood  plain  based  on  various  elevations  of  flooding. 
The  flood  plain  area  of  Keene  was  divided  into  six  zones  for  purposes  of 
analysis.  The  divisions  were  based  upon  hydrologic  considerations. 

Character  of  the  Flood  Area 


The  floodprone  area  along  Beaver  Brook  extends  from  its  confluence 
with  the  Branch  River  upstream  about  6.8  miles  to  the  north  corporate 
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limit  of  Keene.  The  flood  damage  zones  have  been  numbered  0  through  5. 

The  zone  farthest  downstream  has  been  numbered  Zone  0,  with  Zones  1 
through  5  proceeding  upstream. 

Zone  0  starts  at  the  confluence  of  Beaver  Brook  and  the  Branch  River 
and  extends  a  distance  of  800  feet  upstream  to  the  Rt.  101  Bypass.  Losses 
to  both  residential  and  commercial  properties  have  been  experienced  in 
this  zone.  Zone  1  extends  2330  feet  from  the  Rt.  101  Bypass  to  Marlboro 
Street  and  also  encompasses  residential  and  commercial  losses.  Zone  2  is 
the  area  from  Marlboro  Street  to  the  B&M  Railroad  Bridge,  a  distance  of 
1400  feet.  Damages  to  residential,  commercial  and  industrial  properties 
in  this  zone  are  approximately  21  percent  of  the  total  average  annual 
losses.  Zone  3  extends  for  a  distance  of  2330  feet  between  the  B&M 
Railroad  Bridge  and  Roxbury  Street  and  like  Zone  2  involves  damages  to 
residential,  commercial,  and  industrial  properties.  Losses  in  Zone  3  make 
up  30  percent  of  the  total  average  annual  losses  in  the  study  area.  Zone 
4  extends  1200  feet  from  Roxbury  Street  to  Beaver  Street  and  sustains 
flood  damages  to  residential  properties.  Zone  3  is  the  area  upstream  of 
Beaver  Street  to  the  corporate  limit,  a  distance  of  27,700  feet.  Damage 
to  residential,  commercial,  public  and  industrial  properties  in  this  zone 
account  for  about  13  percent  of  the  total  average  annual  losses. 

Table  1  summarizes  property  types  by  zones  within  the  SPF  flood 
plain.  • 

Table  1 

The  SPF  Flood  Plain 
Property  Type  per  Zone 
Beaver  Brook,  Keene,  N.H. 

(numbers  of  structures) 


Zones 

Residential 

Commercial 

Industrial 

Public  Total 

Zone  0 

8 

8 

- 

-  16 

Zone  1 

139 

5 

- 

-  144 

Zone  2 

77 

11 

3 

-  91 

Zone  3 

95 

17 

9 

-  121 

Zone  4 

51 

- 

- 

-  51 

Zone  3 

14 

4 

1 

1  20 

Total 

384 

45 

13 

1  443 

Recurring 

Losses 

Losses  by  stages  referenced  to  the  record  flood  level  were  tabulated 
for  the  floodprone  area.  When  related  to  frequencies,  recurring  losses 
for  various  storms  are  obtained.  Losses  for  each  zone  for  20,  30  and  100 
year  events  are  provided  below.  (Table  2) 
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Table  2 


Recurring  Losses 
Beaver  Brook 

($000's,  Feb.  1983  price  level) 
Event 


Zones 

20  year 

50  year 

100  year 

0 

$51.0 

$148.0 

$180.6 

1 

16.9 

63.1 

99.9 

2 

301.9 

1,134.3 

1,798.0 

3 

1,244.6 

1,435.9 

1,664.1 

4 

134.2 

205.4 

281.2 

5A 

37.0 

64.5 

77.5 

SB 

1S8.6 

209.5 

260.7 

TOTAL 

$1,944.2 

$3,198.2 

$4,362.0 

Losses 

are  fairly  evenly  distributed 

among  the  three 

major  damage 

categories : 

residential,  commercial,  industrial.  A  small 

proportion  of 

losses  are 

experienced  in  the  public  category.  Percent  losses  for  these 

categories 

for  each  storm  are  presented  below. 

Recurring  Losses  by  category 
(percent  of  total  per  event) 

20  year 

50  year 

100  year 

Residential 

32. 3Z 

30.6Z 

30. OZ 

Commercial 

27.7 

27.6 

29.4 

Industrial 

38.4 

40.4 

39.3 

Public 

1.6 

1.4 

1.2 

Growth  and  Development 

Population  projections  have  been  provided  by  the  City  of  Keene. 
These  projections  Indicate  modest  growth  of  about  10  percent  over  the  40 
year  period  from  1980  to  2020  and  are  shown  below. 


1990 

23,500 

2000 

25,600 

2010 

- 

2020 

29,900 

Although  significant  future  development  is  likely  throughout -Keene, 
development  in  the  Beaver  Brook  flood  plain  would  be  limited.  This 
limitation  is  mostly  a  result  of  the  lack  of  available  land.  Anticipated 
development  near  the  flood  plain  would  be  in  commercial  uses,  resulting 
from  redevelopment  activities  in  the  central  business  district. 


COSTS 


First  costs  for  each  plan  are  presented  in  the  main  report. 
Investment  costs  were  also  included  by  adding  the  cost  of  interest  during 
construction.  Total  Investment  costs  for  each  plan  are  as  follows:  Plan 
A,  $1,704,300;  Plan  B,  $30,600;  and  Plan  C,  $1,734,900.  These  costs  are 
proportioned  between  the  Federal  government  and  non-Federal  Interests. 
This  proportionment  is  also  displayed  in  the  main  report . 

Estimates  of  annual  costs  are  based  on  a  100-year  period  of  analysis 
at  a  7-7/8  percent  interest  rate.  Annual  costs  include  expenditures  for 
annual  maintenance  and  funding  for  periodic  replacement  of  equipment. 
Annual  costs  for  Plan  A  are  $133,800;  Plan  B,  $5,300;  and  Plan  C, 
$141,100. 


BENEFITS 


Flood  Damage  Reduction  Benefits 

The  main  benefit  accruing  to  the  proposed  project  is  flood  damage 
reduction.  The  flood  damage  reduction  benefits  are  determined  by  taking 
the  difference  between  annual  losses  under  the  without  project  conditions 
and  residual  annual  losses  anticipated  with  the  alternative  plans.  This 
includes  both  physical  and  nonphysical  losses  prevented  for  activities 
located  within  the  flood  plain.  Table  3  shows  the  average  annual  losses 
expected  without  a  project  (the  natural  conditions),  the  average  annual 
losses  remaining  with  project  alternatives  (residual  losses),  snd  the 
average  annual  benefits  attributed  to  the  project.  Residual  losses  and 
benefits  have  been  categorized  by  project  features;  namely,  flood  storage, 
channel  improvements  and  floodwarning.  Average  annual  losses  are  the 
average  losses  estimated  over  a  period  of  time  based  on  the  probability  of 
occurrence  of  floods  of  different  magnitudes.  Sample  stage-damage  and 
damage-frequency  relationships  for  Zone  1  are  graphically  displayed  on 
Plates  C-l  and  C-2  at  the  end  of  this  section. 

Floodwarning  Benefits 

Benefits  to  a  floodwarning  plan  are  the  reduction  of  flood  damages  by 
the  movement  of  damageable  goods  and  property  when  a  floodwarning  has  been 
issued. 

The  actual  dollar  value  of  the  benefit  Is  measured  as  the  difference 
between  damages  with  and  without  the  floodwarning  plan.  Individual  damage 
survey  sheets  for  the  flood  plain  properties  were  consulted  to  determine 
Che  amount  of  recurring  damage  to  potentially  moveable  items.  Conditions 
along  Beaver  Brook  would  allow  for  3  hours  of  lead  time  to  prepare  for  the 
flood. 
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For  residential  properties  the  following  assumptions  were  made:  1) 
75  percent  of  total  recurring  residential  losses  are  physical,  2)  10 
percent  of  physical  losses  are  to  moveable  contents,  3)  50  percent  of 
these  losses  could  be  eliminated  with  f lood warning .  These  resulted  in  an 
annual  benefit  for  residential  properties  in  each  zone  as  follows: 


Reach 


0 

$  347 

1 

183 

2 

357 

3 

2,539 

4 

899 

5a 

35 

5b 

1,706 

Total 

$6,066 

For  commercial  and  industrial  properties,  a  similar  set  of 
assumptions  were  developed  as  follows:  1)  50  percent  of  physical  damages 
are  to  contents  and  equipment,  2)  10  percent  of  contents  could  or  would  be 
moved  once  a  floodwarning  has  been  disseminated,  3)  reduction  in  losses  is 
halved  by  costs  incurred  with  activating  a  preparedness  plan.  Annual 
benefits  (losses  prevented)  for  each  zone  are  as  follows: 


Reach 


0 

$40 

1 

- 

2 

1,036 

3 

2,714 

4 

- 

5a 

26 

5b 

112 

Total 

$3,928 

The  total  annual  benefit  for  the  floodwarning  plan  alone  would 
approximate  $10,000.  When  acting  in  conjunction  with  structural  elements 
as  in  Plan  C,  the  floodwarning  feature  adds  about  $5,430  to  total  project 
benefits. 


Affluence  Benefits 


Affluence  benefits  are  future  benefits  based  on  the  rate  of  increase 
in  the  real  value  of  flood-susceptible  household  contents.  The  0BERS 
regional  growth  rate  for  per  capita  income  is  used  as  the  basis  for 
increasing  the  real  value  of  residential  contents.  0BERS  information 
shows  that  per  capita  income  in  Cheshire  County  (non-SMSA  port  of  BEA 
Economic  Area  006)  is  expected  to  increase  from  $4,800  in  1978  to  $14,000 
in  the  year  2030.  This  amounts  approximately  to  a  2-1/8  percent  average 
annual  compound  growth  rate. 

.  Using  WRC  regulations  as  a  guide,  the  value  of  contents  may  not 
exceed  75  percent  of  the  structural  value  of  the  residence.  Homes  in  the 
Beaver  BrooR  flood  plain  include  about  half  single  family  and  half  2  or 
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more  family  dwelling  units.  Some  single  family  homes  are  quite  large; 
many  of  the  2  family  homes  were  once  single  homes.  Data  provided  by  the 
city  assessor  places  an  average  value  of  $45,000  for  the  homes  in  the 
Beaver  Brook  area. 

From  an  examination  of  damage  survey  sheets  for  residential 
properties,  an  average  contents  value  is  estimated  at  40  percent  of  total 
structure  value.  The  following  equation  therefore  holds  true: 

.40X  (growth  factor)  *  .75X  where  X  ■  residential  structure  value. 

Solving  the  equation  for  the  growth  factor  reveals  that  the  contents  value 
can  be  expected  to  increase  by  a  factor  of  1.875.  At  an  annual  compound 
growth  rate  of  2-1/8  percent  it  will  take  approximately  30  years  for  the 
contents  value  to  grow  to  75  percent  of  the  structural  value  of  a 
residence.  Since  it  will  take  30  years  from  the  1978  survey  date  for 
content  value  to  reach  75  percent  of  structural  value,  and  project 
completion  is  anticipated  in  1985,  the  affluence  growth  reaches  the  75 
percent  level  during  the  23rd  year  of  the  project  life. 

Although  potential  concents  losses  can  be  expected  to  increase  in  the 
future,  other  losses  Co  residential  structures  will  remain  relatively  con¬ 
stant.  As  contents  value  reaches  75  percent  of  the  structural  value,  the 
overall  growth  factor  for  total  physical  residential  losses  will  amount  to 
1.25.  This  is  shown  below: 

TOTAL 

-  1 

-  1 


1.4Y  (growth  factor)  «  1.75Y 

growth  factor  »  1.75Y  +  1.4Y 
growth  factor  *  1.25 

This  factor  was  applied  to  physical  residential  losses  and  annualized 
for  both  without  and  with  project  conditions.  The  increase  in  losses  due 
to  the  application  of  the  affluence  factor  in  each  zone  is  exhibited  in 
the  following  cable. 
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Table  4 

Increased  Losses  and  Benefits  Due  to  Affluence 
February  1983,  price  level 
(no  discounting) 


Increase  in  Annual 

Increase  in  Annual 

Increase  in 

Zone 

res.  losses 

res.  losses  with 

Benefits 

without  project  Storage  &  Channel 


0 

$  1,310 

$  680 

$  630 

1 

690 

400 

290 

2 

1,460 

800 

660 

3 

9,570 

3,710 

5,860 

4 

3,400 

1,740 

1,660 

5 

6,250 

6,120 

130 

Total 

22,680 

13,450 

9,230 

These  benefits  are  realized  after  the  contents  value  reaches  75 
percent  of  structural  value  during  the  23rd  year  of  project  life. 
Therefore,  the  benefits  are  discounted  at  an  interest  rate  of  7-7/8 
percent  and  a  100-year  project  life. 


These  benefits  are  summarized  below  at  the  following  points  of 
reference:  PN  -  Existing  Condition,  Pj  -  first  year  of  project  life,  and 
P100  “  *a8t  year  o£  Project  life. 


Total  discounted  affluence  benefits 


1  'to  m 


$2,155 

3,475 

$5,630 


Summary  of  Benefits 


Flood  damage  reduction  and  affluence  benefits  are  totaled  for  each 
plan  and  presented  in  Table  5  below. 


Table  5 


Summary  of  Estimated  Annual  Benefits 
(February  1983  price  level) 


Plan  A 

Plan  B 

Plan  C 

Storage  & 

Floodwarning 

Storage,  Channel  & 

Category 

Channel 

Flood warning 

Flood  Damage  Reduction 

Affluence 

TOTAL 


$228,640 

5,600 

$234,240 


$10,000 

$10,000 


$234,070 

5,600 

$239,670 


JUSTIFICATION 


The  estimated  annual  costs,  annual  benefits  and  the  ratio  of  benefits 
and  costs  for  each  plan  is  summarized  in  Table  6,  This  analysis  indicates 
that  each  plan  is  economically  justified .  Plan  C  yields  the  highest  net 
benefits. 


Table  6 

Summary  of  Economic  Analysis 


Plan  A 

Plan  B 

Plan  C 

Average  Annual 
Average  Annual 
Benef it-to-Cost 
Net  Benefits 

Benefit 

Costs 

Ratio 

$234,200 

135,800 

1.72 

$98,400 

$10,000 
5,300 
1.89 
$  4,700 

$239,700 
141,100 
1.70 
$  98,600 
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INTRODUCTION 


The  following  report  has  been  prepared  in  conjunction  with  a 
Feasibility  Report  and  Environmental  Assessment  for  the  Beaver  Brook  Local 
Protection  Project.  The  project  consists  of  channel  Improvements  between 
Marlboro  and  Water  Streets  in  downtown  Keene,  New  Hampshire  (Figures  1 
&  2),  and  construction  of  a  small  dam  and  dike  at  Three  Mile  Swamp  near 
the  northeast  corner  of  the  city  (Figures  I  &  3).  The  latter  area  is 
currently  occupied  by  a  dry  laid  fieldstone  and  earth  dam.  Normal  water 
level  in  the  swamp  following  project  construction  would  be  as  at  present, 
but  during  flood  stages  the  new  dam  could  hold  a  maximum  of  10  feet 
additional  depth.  Therefore,  the  maximum  includes  all  areas  north  of  the 
proposed  dam  and  below  el.  797  (Figures  3-9)  as  well  as  construction  areas 
at  the  dam  and  within  the  downtown  channel  Improvement  area. 


RESEARCH  DESIGN 


Environmental  Background 

Marlboro  Street  to  Water  Street:  The  present  environment  of  this 
vicinity  Is  urban  In  character,  with  primarily  Industrial  property.  Solis 
within  this  area  are  classified  as  Ondawa  fine  sandy  loam  and  Podunk  fine 
sandy  loam,  both  of  which  are  moderately  well  drained  and  subject  to 
occasional  flooding  (USDA  Soil  Conservation  Service  1969)  (Figure  10). 
However,  field  Inspection  revealed  that  this  area  is  actually  higher 
filled  ground.  The  west  bank  from  Marlboro  Street  up  to  the  vicinity  of 
Myrtle  Street  is  a  brushy  bank  behind  a  residential  neighborhood,  while 
the  east  bank  is  partially  concrete  lined  and  composed  of  fill  adjacent  to 
a  modern  factory  (Figure  11).  Both  banks  north  of  Myrtle  Street  to  the 
railroad  are  fill  comprising  a  parking  lot  (Figure  12)  and  mill  yard, 
except  two  concrete-lined  portions  where  a  modern  factory  ell  and  access 
bridge  cross  the  brook.  The  railroad  bridge  is  a  simple  deck  structure 
atop  cut  stone  abutments.  A  portion  of  the  east  bank  north  of  the  rail¬ 
road  bridge  is  also  of  cut  stone  (Figure  13)  but  most  resembles  the  area 
to  the  south,  and  is  now  used  as  mill  yard.  The  Water  Street  bridge  and  a 
mill  access  bridge  Immediately  to  the  south  are  typical  small  early  20th 
century  concrete  structures.  A  concrete  factory  foundation  wall  adjoins 
Water  Street,  along  the  west  bank. 

Three  Mile  Swamp:  This  area  consists  primarily  of  wetlands,  with 
steep  slopes  to  either  side  and  scattered  knolls  of  glacial  outwash.  The 
wetland  consists  primarily  of  Rumney  and  Scarboro  fine  sandy  loams  and 
muck  and  peat  deposits  (Figure  15).  A  thin  strip  of  seasonally  wet  Ondawa 
fine  sandy  loam  and  Acton  very  stony  fine  sandy  loam  borders  the  eastern 
slopes,  which  consist  of  Canton  very  stony  fine  sandy  loam  with  slopes 
exceeding  15%.  Outwash  deposits  of  Hinkley  loamy  sand  occupy  a  narrow 
terrace  west  of  Route  10  and  small  knolls  within  project  area.  All  non¬ 
wetlands  are  wooded  with  considerable  evidence  of  logging. 

Prehistoric  Background  and  Research  Strategy:  Studies  In  the 
Ashuelot  Valley  (Curran,  1980;  Wilson,  1979)  indicate  considerable 
prehistoric  occupation  on  glacial  terraces  near  the  river  and  the  mouths 
of  tributaries,  but  no  professional  archaeological  work  has  previously 
been  undertaken  In  the  surrounding  uplands.  Recorded  sites  within  the 
lower  Ashuelot  span  the  Paleo- Indian  period  to  the  mid- 18th  century  (ca. 
9000  BC  -  AD  1755)  and  appear  to  generally  represent  short-term  occupa¬ 
tions  with  a  riverine  orientation  related  to  e  mixture  of  aquatic  and 
n on-aquatlc  resources.  Use  of  the  valley  as  a  transportation  route  may 
also  have  affected  site  location,  given  the  steep  uplands  to  either 
side.  A  contact  period  trail  system  ran  up  the  main  valley  of  the 
Ashuelot . 

While  riverine  loctions  along  the  Ashuelot  probably  provided  better 
locations  for  taking  anadromous  fish  and  may  have  produced  more  diverse 
and  productive  habitats  for  terrestrial  flora  and  fauna  (Curran,  1980; 
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17-22),  areas  such  as  Three  Mile  Swamp  could  have  provided  locations  for 
hunting  camps  occupied  as  satellites  of  possible  riverine  (or  earlier 
lakeshore)  base  camps  or  as  units  comprising  part  of  a  seasonal  settlement 
round. 


Conversations  with  Ms.  Curran,  who  conducted  the  only  major 
archaeological  survey  of  the  Ashuelot  basin,  and  with  Mr.  Arthur  Whipple, 
Sr. ,  a  noted  collector  in  the  area,  revealed  no  knowledge  of  recorded 
sites  within  Impact  areas  of  the  project.  The  nearest  finds  reported  by 
Mr.  Whipple  were  located  at  Woodland  Cemetery,  about  22  kilometers  north 
of  Water  Street.  Examination  of  the  soils  map  and  comparison  with  surface 
conditions  during  an  initial  walkover  of  the  impact  area  at  Three  Mile 
Swamp  confirmed  the  wetland  character  of  the  Rumney  and  Scarboro  soil 
areas,  and  also  revealed  that  the  area  of  stony  Acton  soils  extends 
further  south  than  anticipated.  Both  the  Acton  and  Ondawa  soils  are  wet 
and  forested  with  numerous  tree  throws.  Due  to  these  conditions,  presence 
of  prehistoric  sites  appears  unlikely  between  the  hills  and  wetlands. 
Similarly,  steepness  and  stoniness  removed  the  lower  slopes  of  the  hills 
from  consideration  for  subsurface  testing.  The  area  of  the  proposed  dike 
along  Route  10  is  disturbed  ground  and  fill  deposited  during  relocation  of 
the  highway  in  the  1970s. 

This  analysis  leaves  only  one  type  of  land form  at  Three  Mile  Swamp 
having  high  potential  for  presence  of  prehistoric  sites,  the  isolated 
knolls  of  Hlnkley  loamy  sand.  It  is  these  areas  which  were  subjected  to 
subsurface  testing.  Two  knolls  were  tested  In  this  manner. 

Subsurface  tasting  employed  excavation  of  50  cm.  sq.  shovel  test  pits 
at  10  m.  intervals  along  a  series  of  transects.  On  the  larger  of  these 
two  knolls ,  three  transect ,  were  excavated  approximately  15  m.  apart . 

Test  pits  on  these  were  staggered  to  minimize  distance  between  them. 

Where  possible  cultural  material  was  located,  additional  test  pits  were 
excavat  -d  at  4  a.  intervals  nearby.  Length  of  transects  was  limited  by 
wetland  margin  and  areas  of  extensive  logging  slash  piles.  Location  of 
individual  test  pits  was  adjusted  to  avoid  trees  and  slash  piles.  All 
soil  was  screened  through  1/4  in.  hardware  cloth. 

Due  to  the  intensive  disturbance  of  the  project  area  between  Marlboro 
and  Water  Streets  no  subsurface  testing  was  undertaken  in  that  area. 

Historic  Background 

Examination  at  19th  century  maps  revealed  evidence  of  industrial 
activity  in  the  area  between  Marlboro  and  Water  Streets  (Figure  2).  In 
1877,  the  Taft  &  Co.  pottery  stood  on  the  intersection  of  Foster  and 
Myrtle  Street,  west  of  the  project  area  (Rochwood,  1877).  This  firm  may 
have  operated  as  late  as  1892  (Hurd),  under  tenants.  At  that  time,  the 
Wilkins  toy  factory  stood  south  of  the  railroad  on  the  opposite  bank. 
Portions  of  this  mill  are  still  occupied,  and  the  present  owners  have 
expanded  west  to  the  brook.  These  later  additions  have  already  been  noted 


ia  Che  section  on  Environmental  Background  (See  Figure  11).  The  area 
northeast  of  the  railroad  and  south  of  Water  Street  was  occupied  in  1892 
by  the  New  Hampshire  Moulded  Granite  Co.  (Hunt,  1892).  This  company  may 
have  built  the  retaining  wall  in  this  area  (Figure  13)  but  none  of  its 
buildings  bordered  the  brook. 

As  noted  above  the  only  structures  indicated  on  19th  century  maps 
which  bordered  Beaver  Brook  are  the  abutments  for  the  small  railroad 
bridge  and  retaining  wall  north  of  the  east  abutment.  These  are  typical 
cut  stone  structures  of  little  historic  Interest  or  archaeological 
potential. 

Due  to  this  limited  historic  period  land  use  and  evidence  of 
considerable  modern  disturbance  no  subsurface  testing  for  historic  period 
sites  was  performed  in  the  Marlboro  to  Water  Streets  portion  of  this 
project  area. 

Examination  of  1858,  1877,  and  1892  maps  failed  to  reveal  any  indica¬ 
tions  of  the  earth  fill  and  dry  laid  fleldstone  faced  dam  at  Three  Mile 
Swamp  (Figure  14).  (Fagan,  1858;  Bockwood,  1877;  Hunt,  1892).  Field  work 
in  this  area  concentrated  on  surface  examination  In  hopes  of  better  dating 
this  feature  and  determining  its  purpose. 


RESULTS  OF  THE  FIELD  SURVEY 


Prehistoric  Survey  at  Three  Mile  Swamp 

A  total  of  19  test  pits  were  excavated  along  10  m.  interval 
transects ,  17  on  three  transects  occupying  a  large  knoll  a  short  distance 
north  of  the  dam,  and  the  remaining  two  on  a  smaller  knoll  to  the  north¬ 
east.  Most  of  the  latter  location  was  covered  with  dense  timber  slash,  as 
were  smaller  areas  on  the  larger  knoll.  Lower  and  smaller  knolls  to  the 
northeast  were  even  more  disturbed  by  logging  activity  or  construction  and 
maintenance  of  a  high  tension  line,  and  were  not  tested. 

Horizonation  generally  consisted  of  approximately  15-20  cm  of  dark 
brown  sandy  loam  over  10-15  cm  of  orange  brown  sandy  loam,  above  a  horizon 
of  tan  sand.  Pebbles,  cobbles  and  number  roots  were  preserved  throughout 
all  profiles  with  occasional  larger  rocks  of  up  to  about  20  cm.  dla.  Most 
stone  was  a  very  friable  mica-schist,  with  smaller  pebbles  of  quartz  and 
quartzite.  Pits  were  excavated  until  gravel  and  large  rocks  precluded 
deeper  testing,  generally  40-50  cm  below  surface.  Some  variations  in 
profiles  occurred  due  to  lenses  of  weathered  schist  which  were  frequently 
encountered  (purple-orange  in  color)  decayed  roots  (light  gray  in  color), 
and  occasional  thin  lenses  of  fairly  recent  charcoal,  probably  resulting 
from  burned  and  buried  timber  slash  (Figures  16-21). 

Small  amounts  of  possibly  modified  quartz  and  quartzite  were 
encountered  in  14  test  pits.  Analysis  by  the  cultural  resource  staff 
indicates  that  they  could  either  be  result  of  natural  splitting  or  of  tool 
manufacture  (Figure  22).  Therefore,  test  pits  at  4  m.  intervals  were 
excavated  along  the  cardinal  directions  from  3  of  the  test  pits.  Test  pit 
T-3:TP-0  had  no  south  or  east  satellite  pits,  due  to  proximity  of  the 
badly  eroded  surface  of  a  logging  road  in  these  directions  and  T-4:TP-0 
had  dense  timber  slash  all  round.  None  of  the  satellite  pits  produced  any 
potential  cultural  material  or  features.  Therefore,  the  materials  found 
in  T-l:TP-40,  T-2:TP-22,  and  T-3:TP-0  appear  to  be  either  naturally 
modified  or  to  represent  isolated  activity  associated  with  prehistoric 
hunting  stands  or  similar. 

Historic  Survey  at  Three  Mile  Swamp 

As  study  of  historic  period  maps  and  surface  examination  of  the 
project  area  revealed  no  other  historic  period  features,  field  survey 
consisted  of  examination  of  the  present  dam  at  the  south  end  of  the  swamp 
(Figure  14).  The  dam  is  of  earth  fill  with  dry  laid  field  stone  on  both 
faces.  Though  typical  of  18th  or  early  19th  century  dam  construction, 
this  method  was  employed  into  the  latter  part  of  the  19th  century  for 
small  dams.  Traces  of  a  concrete  sluice  frame  indicates  use  in  the  late 
19th  or  early  20th  century.  Careful  examination  revealed  no  evidence  of 
any  mill  foundation  associated  with  this  dam.  If  any  mill  was  associated 
with  this  dam,  it  was  either  built  entirely  on  pilings  and/or  obliterated 
by  flooding.  In  view  of  the  relatively  Intact  nature  of  the  dam  another 
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hypothesis  seems  more  likely;  that  the  dam  was  constructed  to  provide 
additional  storage  for  mills  downtown.  As  deforest  'ion  of  uplands  during 
the  19th  century  made  watercourses  more  seasonally  variable,  many  large 
firms  or  groups  of  firms  built  upland  reservoirs  to  provide  a  reliable 
supply  during  seasons  of  low  water.  The  apparent  late  19th-early  20th 
century  features  of  this  dam  somewhat  support  this  hypothesis. 
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ANALYSIS  OF  IMPACTS 


The  only  Indications  of  possible  prehistoric  activity  within  the 
project  impact  area  consist  of  a  small  amount  of  lithic  material  found  in 
three  non-adjacent  test  pits.  Further  testing  within  4  m.  of  each  of 
these  find  spots  revealed  no  additional  material.  Therefore,  it  appears 
that  this  material  is  either  the  result  of  natural  shattering  of  quartz 
and  quartzite  cobbles  or  representative  of  one  or  more  Isolated  loci  where 
artifact  manufacture  or  retouching  took  place.  Hunting  stands  would  have 
been  reasonable  places  for  such  activity  areas.  While  such  sites  would 
theoretically  be  of  interest;  absence  of  any  larger  horizontal  distribu¬ 
tion,  features,  or  diagnostic  material  severely  limits  any  further 
archaeological  potential  of  these  loci.  Therefore,  it  appears  unlikely 
that  any  occasional  flooding  of  the  area  behind  the  new  dam  would  affect 
archaeological  resources  eligible  for  inclusion  in  the  National  Register 
of  Historic  Places. 

The  only  historic  period  features  potentially  affected  by  project 
construction  are  the  dam  at  Three  Mile  Swamp  and  railroad  bridge  abutments 
and  retaining  wall  between  Myrtle  Street  and  Water  Street.  The  dam  does 
not  have  any  associated  mill  foundation  nearby,  and  may  have  been  built  to 
provide  seasonal  storage  for  factories  downriver.  It  is  of  unexceptional 
design  and  has  little  archaeological  potential.  The  bridge  abutments  and 
retaining  wall  also  have  little  archaeological  and  potential  or  historic 
interest  being  typical  examples  of  the  period. 

In  conclusion  no  effect  upon  significant  historic  or  archaeological 
resources  is  anticipated  from  construction  or  operation  of  the  proposed 
Beaver  Brook  Local  Protection  Project. 
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LIST  OF  MATERIALS  RECOVERED 


Material 


Clear  Quartz 


Clear  Quartz 


Description 

Possible  rectangular  biface  no  distal 
portion,  base  incurvat e-thinning  flake 
scars,  thumbnail  size. 

Possible  biface  frag. 


Clear  Quartz  Possible  rectangular  biface,  no  distal 

portion,  base  incurvat e-thinning  flake 
scars,  convex  cross-section,  thumbnail 
size. 


Coarse  Grained  Cortex  on  dursal  surface,  possible 
Quartzite  flaking  along  edges,  edges  crushed, 

ventral  surface-large  broad  flake  scars, 
possible  natural  shattering. 


Smoky  Quartz  Small  triangular  flake,  no  striking 

platform  or  bulb  of  percussion.  Dorsal 
surface  has  central  flake  scars.  Distal 
tip  has  step  fracture,  base  shaped/ 
rounded  on  ventral  surface,  sharp  on 
dorsal  surface. 
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PRELIMINARY  ESTIMATE  OF  REAL  ESTATE  COSTS 
THREE-MILE  SWAMP 
AND 

CHANNEL  IMPROVEMENTS 
BEAVER  BROCK  LOCAL  FLOOD  PROTECTION 
KEENE,  NEW  HAMPSHIRE 


MARCH  1983 


PURPOSE 


The  purpose  of  this  report  is  to  estimate  the  preliminary  real  estate 
costs  concerning  the  Beaver  Brook  Local  Flood  Protection  Project  in 
Keene,  New  Hampshire. 


INSPECTION  OF  THE  REAL  ESTATE 


The  properties  affected  by  the  proposed  project  were  viewed  in  the  field 
during  January  and  February  1983  by  this  writer. 

LOCATION 


The  first  part  or  upper  portion  of  the  proposed  project  is  located  in 
the  northwesterly  section  of  the  city  of  Keene  adjacent  to  Route  10  in 
an  area  known  as  Three-Mile  Swamp. 

The  second  part,  Channel  Improvenent,  or  lower  Beaver  Brook  basin  lies 
along  Beaver  Brook  between  Water  and  Marlboro  Streets .  Both  Water  and 
Marlboro  Streets  commence  in  the  downtown  area  of  the  city  of  Keene. 


PROJECT  DESCRIPTION  Three-Mile  Swamp 

The  Three-Mile  Swamp  area  consists  of  constructing  a  larger  dam  at  the 
site  of  the  existing  rockwall  dam  which  is  located  in  the  southerly  section 
of  Three-Mile  Swamp.  The  construction  would  improve  storage  conditions 
during  flood  periods  by  creating  a  pr.ermanent  pool  of  approximately  70 
acres  at  elevation  790  feet  NGVD  during  non- flood  periods.  During  the 
standard  project  flood,  the  pool  is  expected  to  rise  to  elevation  797 
feet  NGVD  thus,  inundating  an  additional  50  acres  of  land. 

The  project  would  affect  approximately  11  ownerships  of  which  one  is  con¬ 
sidered  to  be  of  public  ownership.  Route  10. 


CHANNEL  IMPROVEMENTS 

The  Channel  Improvements  would  be  constructed  in  the  lower  Beaver  Brook 
basin  between  Water  and  Marlboro  Streets .  The  improvements  will  consist 
of  widening  the  channel  in  seme  areas  and  installing  stone  rip  rap  along 
the  side  slopes.  The  overall  width  of  the  channel  would  be  increased 
by  about  30  feet  to  an  overall  width  of  about  60  feet.  The  channel  en¬ 
largement  from  its  point  of  beginning  at  the  southerly  side  of  the  bridge 
on  Mater  Street  would  affect  8  private  and  1  public  ownership  (B6M  Railroad) 
and  would  extend  downstream  a  distance  of  about  1700  feet  following  the 
brook's  course  and  terminating  on  the  northerly  side  of  Marlboro  Street. 

At  this  time  no  known  improvements  will  be  affected. 


TEX  LOSS 


The  anticipated  tax  loss  for  the  Beaver  Brook  study  based  upon  the  1982 
Tax  Aeeaaaiwnt  of  $33.60  per  thousand  is  estimated  to  be  about  $1000.00. 
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DUISITICN  COSTS 


Acquisition  costs  will  include  costs  for  mapping,  surveying,  legal  descrip¬ 
tions,  title  evidence,  appraisals,  negotiations,  closing  and  administrative 
costs  for  possible  condannations .  The  acquisition  costs  are  based  upon 
this  office's  experience  in  similar  civil  works  projects  in  the  general 
area  and  are  estimated  at  $3,000  per  ownership.  About  20  total  ownerships 
will  be  affected  of  which  11  are  attributable  to  the  three-mile  swanp 
area  while  the  remainder  is  for  the  channel  improvement  area. 

RELOCATION  ASSISTANCE  COSTS 

Public  Law  91-646,  Uniform  Relocations  Assistance  Act  of  1979,  provided 
for  uniform  and  equitable  treatment  of  persons  displaced  from  their  homes, 
businesses,  or  farms  by  a  Federally  Assisted  Program.  It  also  establishes 
uniform  and  equitable  land  acquisition  policies  for  these  projects.  In¬ 
cluded  among  the  items  under  PL  91-646  are  the  following: 

a.  Moving  Expenses 

b.  Replacement  Housing  (Homeowners) 

c.  Replacement  Housing  (Tenants) 

d.  Relocation  Advisory  Services 

e.  Recording  Fees 

f .  Transfer  Taxes 


g.  Mortgage  Prepayment  Costs 

h.  Real  Estate  Tax  Refunds  (Pro-rata) 

Within  a  reasonable  time  prior  to  displacement,  the  taking  authority  must 
certify  that  there  will  be  available,  in  areas  generally  not  less  desirable 
and  at  rents  and  prices  within  the  financial  means  of  the  families  and 
individuals  displaced,  decent,  safe,  and  sanitary  dwellings,  equal  in 
number  to  the  ruxnber  of,  and  available  to,  such  displaced  persons  who  re¬ 
quire  such  dwellings  and  reasonably  accessible  to  their  places  of  employment . 

There  are  no  known  ownerships  in  the  area  to  be  acquired  in  fee  where  the 
people  would  have  to  be  relocated.  Therefore,  the  following  estimates  are 
included  for  planning  purposes  to  cover  the  implementation  of  this  act. 
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Three  Mile  Swamp 


10  Private  Ownerships  (3  $200 
1  Public  Ownership  @  $200 


$2,000 

200 

$2,200 


Channel  Improvement 


8  Private  Ownerships 
1  Public  Ownership 


@ 

@ 


$200  =  $1,600 

$200  =  200 

Total 


$1,800 

$4,000 


SEVERANCE  DAMAGES 


Severance  damages  visually  occur  when  partial  takings  are  acquired  which 
restrict  the  remaining  portion  from  full  economic  development.  The  sever¬ 
ance  danages  are  measured  and  estimated  on  the  basis  of  "before"  and 
"after"  appraisal  methods  and  will  reflect  actual  value  loss  incurred  to  the 
remainder  as  a  result  of  partial  acquisition.  Detail  appraisals  will  re¬ 
flect  these  losses.  Preliminary  investigation  indicate  that  no  severance 
danages  is  anticipated  by  the  proposed  project.  However,  for  planning 
purposes  costs  for  severance  damages  if  any  are  provided  for  in  the  con¬ 
tingency  factor. 

PROTECTION  AND  ENHANCEMENT  CF  CULTURAL  ENVIRCtWENT 


In  accordance  with  insturctions  set  forth  in  teletype  DA  (DAEN)  R  191306A, 
dated  October  1971,  Subject:  "E011593,  13  May  1971,  Protection  and 
Enhancement  of  Cultural  Environment" ;  a  study  has  been  made  in  the  subject 
areas.  The  study  revealed  that  no  local,  State,  Federally  owned  nor  Fed¬ 
erally-controlled  property  of  historical  significance  would  fall  within  the 
provisions  of  E0  11593. 

CONTINGENCIES 


A  contingency  allowance  of  20  percent  is  considered  to  be  reasonable  ade¬ 
quate  to  provide  for  possible  appreciation  of  property  values  from  the 
time  of  this  estimate  to  acquisition  date,  for  possible  minor  property 
line  adjustments  or  for  additional  hidden  ownerships  which  may  be  developed 
by  refinement  to  taking  lines,  for  adverse  condemnation  awards  and  to  allow 
for  practical  and  realistic  negotiations. 

GCVERWEM'-OWNED  FACILITIES 

Section  III  of  the  Act  of  Congress  approved  8  July  1958,  (PL  85-500) 
authorized  the  protection,  realteration,  reconstruction,  relocation  or 
replacement  of  municipally-owned  facilities.  A  preliminary  inspection  of 
the  property  area  indicated  no  Goverixaent -owned  facilities  are  affected. 
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FEE  REQUIREMENTS 
Tnree-Mile  Swamp 


Preliminary  investigations  indicate  that  no  improvements  would  be  affected 
in  the  Three-Mile  Swamp  area.  The  Three-Mile  Swamp  area  is  comprised  of 
undeveloped  lands  with  most  of  the  70  acres  being  of  wetlands,  scrub  growth 
and  vegetation  coranonly  found  in  wetland  areas.  There  are  some  trees  along 
the  perimeter  areas  but  nothing  that  would  have  a  ccnmercial  value. 

Therefore,  the  fee  areas  that  are  necessary  for  acquisition  are  estimated 
as  follows: 


5  Private  Ownerships 

70  acres  @  $375.00  per  acres  *  $26,250 


EASEMENT  AREAS 


Permanent  Easement  Areas 

Permanent  easements  for  construction  and  maintenance  purposes  is  necessary 
and  are  as  follows: 

Three-Mile  Swamp 

A  permanent  right-of-way  access  over  the  existing  right-of-way  that 
lies  just  south  of  the  don  is  necessary  for  construction  and  main¬ 
tenance  purposes .  The  right-of-way  would  commence  on  the  easterly 
sideline  of  Route  10  and  extend  approximately  300  feet  in  an  easterly 
direction  and  then  turn  and  extend  approximately  150  feet  in  a  north¬ 
erly  direction.  This  access  route  would  be  25  feet  wide  and  contain 
11,250  square  feet. 

Additional  permanent  easements  for  flowage  are  necessary  and  would 
extend  out  from  the  permanent  pool  at  elevation  790  feet  NGVD  to  ele¬ 
vation  797  feet  NGVD.  The  easement  areas  vary  in  width  due  to  the 
topographical  layout  of  the  area,  and  contain  about  50  acres  and  vrould 
affect  approximately  ll  ownerships  of  which  one  is  considered  to  be 
public  in  that  of  Route  10. 

Channel  Improvements 

Channel  Improvements  would  necessitate  the  widening  of  portions  of  the 
existing  channel,  of  Beaver  Brook,  between  Mater  and  Marlboro  Streets, 
Approximately  30  feet  to  a  top  width  o'f  about  60  feet.  The  easement 
areas  vary  in  width  throughout  the  project  area  and  contain  about  0.39 
acres  of  private  lands. 

The  realignment  of  portions  of  the  river  would  affect  approximately  8 
private  and  one  public  ownership (s)  (Boston  &  Maine  Railroad), 

Preliminary  investigations  indicate  that  after  the  imposition  of  the  per¬ 
manent  easement  interest,  the  highest  and  best  use  of  the  remainders  of 
the  properties  affected  will  not  be  materially  affected.  The  cost  to 
acquire  the  permanent  easeaent  areas  would  be  equivalent  to  the  underlying 
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fee  value  since  those  uses  would  be  for  project  purposes.  However,  lands 
would  remain  in  their  private  ownerships  to  maintain  conformity  of  their 
existing  lot  areas. 

The  following  costs  are  predicated  on  estimated  market  values  as  indicated 
below: 

Three-Mile  Swanp 

Right-of-Way 
0.26+  acres  Private  Land 
@  $375.00  per  acre 

Flowage  Easement 
50±  acres  Private  Land 

50.26+  Total  Acres  Total 

Call 


$  97.00 


$18,750.00 


$18,847.00 

$18,900.00 


13,000  square  feet 
@  $1.11  per 
4,000  square  feet 
@  $0.60  per 


Channel  Improvements 
(0.30+  acres)  Private  land 
square  foot 

(0.091  acres)  Private  Land 
square  foot 


(Ccranerical  Use) 

$14,430.00 
(Residential  Use) 

$  2,400.00 


17,000  square  feet  (0.391  acres)  Total 


Total  $16,830.00 
Call  $16,800.00 


TEMPORARY  CONSTRUCTICW  EASEMENTS 

The  temporary  construction  easements  *rtiich  are  necessary  for  construction  and 
staging  areas  are  as  follows: 

Three-Mile  Sweep 

A  temporary  construction  easement  in  the  form  of  a  stating  area  comprised 
of  a  one  acre  parcel  located  adjacent  to  the  dan. 

Channel  Inprovetoents 

Approximately  one  acre  for  a  staging  area  is  necessary  in  the  Marlboro 
Street  area.  Additional  temporary  construction  easements  25  feet 
wide,  containing  about  1.511  acres,  along  each  side  of  the  channel 
widening  is  required. 
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All  of  the  1.51+  acres  are  under  private  ownership  with  approximately 
1.08+  acres  being  for  camnercial/  industrial  use  and  the  remaining  .43+ 
acres  for  residential  use. 

The  land  areas  to  be  encixnbered  by  temporary  easements  are  predicated 
upon  a  fair  return  of  invested  capital,  for  use  of  the  owner's  land 
for  a  one  year  term.  Therefore,  based  on  the  indicated  market  values 
the  following  estimates  are  given: 


1 . ot  acres  Private  Land 

@  $375.00  per  acre  $375.00 

Fair  Return 

@  15%  per  year  (for  one  year)  $  56.00 

($375.00  X  .15  -  $56.25)  Call  $100.00 


1 .  dt  acres  Private  Land 

@  $1.11  per  square  foot  $  48,352.00 

Channel  Area 

1.08  acres  Private  Land 

@  $1.11  per  square  foot  51,338.00 

0.43t  acres  Private  Land 

@  0.60  per  square  foot  11,250.00 

1.51+  Total  Acres  Total  $110,940.00 

Fair  Return 

(§  157.  per  year  (for  one  year)  $  16,641.00 

Call  $  16,700.00 


$110,940.00 

.157. 


OONCLUSICNS  AND  SHtftRY  OF  REAL  ESTATE  POSTS 

The  areas  of  study  for  the  Beaver  Brook  Local  Flood  Protection  Study  are 
based  upon  lines  super  imposed  upon  assessors  and  topographic  maps. 

The  contents  of  this  report  are  subject  to  refinement  prior  to  acquisition 
and  the  proposed  construction. 

The  value  of  the  lands  within  the  project  areas  have  been  estimated  by  use 
of  the  market  data  or  Sales  Conparison  approach.  A  search  was  conducted 
in  the  general  area  to  obtain  market  data.  Local  officials ,  Real  Estate 
Brokers  and  Appraisers  were  interviewed  to  obtain  data  and  value  estimates. 


SLMiAKrCF  REAL  ESTATE  COSTS 

There  follows  and  estimate  of  the  real  estate  costs  for  the  interests  pro¬ 
posed  for  acquisition  for  a  one  year  period. 

Three-Mile  Swamp 

Lands 

Fee  Acquisition  $26,250 


Permanent  Easements  18,900 

Temporary  Easements  100 

$45,250 

Contingency  -  207.  of  Above  9,050 

Sub  Total  $54,300 

Acquisition  Costs  33,000 

Relocation  Assistance  Costs  2,200 

Total  Estimated  Real  Estate  Costs  $89,500 

Call  $90,000 


Channel  Improvements 

Lands 

Permanent  Easements  $16,800 

Temporary  Easements  16,700 


$33,500 

Contingency  -  207.  of  Above  6,700 

Sub  Total  $40,200 

Acquisition  Costs  27,000 

Relocation  Assistance  Costs  1,800 

Total  Estimated  Real  Estate  Costs  $69,000 


Three-Mile  Swamp  $  90,000 
Channel  Improvements  69,000 
Total  Estimated  Project  Real  Estate  Costs  $159,000 


